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ABSTRACT
f .
R
N
Tables of integrated absorption coefficients have been evaluated for high-
temperature air by summation of the contributions from the following discrete
. transitions:
E
] NO xtn ~BA Beta
j t
2n A%z Gamma

L 3e” 3a”
( O, X Eg —-B Eu Schumann-Runge
i N, A3E:—~ Barlg First positive
4 -
i lelg - C3H u Second positive

2t
! N 2zt _.B%Z First negative
3 2 g u
3
E and from the following continuous transitions:

(6] Photodetachment absorption
N,O Photoelectric absorption from excited states
e Free-free absorption in the presence of ionic fields

The tables have been computed for dry air in the temperature range from
1, 000°K to 12, OOOOK, at equal energy increments of 0.25 ev (2,016.5 cm_l), in
the wavelength range from 1, 167 X to 19, 837 X, and for dengity ratios relative
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to sea level, P /Po , at each order of magnitude from 10 to 10 .
i
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ABSORPTION COEFFICIENTS OF AIR

1. INTRODUCTION

The absorption of radiation by air is of great contemporary interest, par-
. ticularly at optical wavelengths, and in 2 number of overlapping fields. As a
| contribution to the research in this area, the Appendix to this report contains
tables of the absorption coefficients of air. The tables also show the major ab-
sorbing constituents of air at 0.25 ev (2,016.5 cm-l) increments over the wave-
length range from 1, 1672. to 19, 837X for every 1000°K temperature increment
between 1, 000°K and 12, OOOOK, and for the eight orders of magnitude of density

ratio relative to sea level, P/P0 , from 10 to 1075,

The tables have been prepared mainly from existing theoretical data on the
absorbing constituents, although, where possible, experimental da_ta have been
incorporated. The incorporation has been done in such a way that revision of the

experimental data in the light of further measurements will not render the tables

LGt At 1 RN el

useless; they would merely require an appropriate linear rescaling, consistent
with new experimental measurements.
The calculations, which are an exiension of earlier studies of Meyerott
(1955, 1956, 1958), differ from some of the work of Kivel and Bailey (1957) by
taking into account vibrational transitions in the absorbing species. Recent work
by Kivel, Mayer, and Bethe (1957), and by Keck, Camm, Kivel, and Wentink (1959),

has taken some account of these vibrational effects in the interpretation of the emis-~

|
i

gion spectra from shock-heated air, but their work treats a considerably smaller
range of temperatures, densities, and wavelengths than are presented in the tables
in the Appendix to this report. However, comparison between the findings of this

report and the tables and the data of the above workers were in agreement with the

SV ST T TSN TIYIOVY 1V T e

points tested at a number of these points.
The constituents of dry air of importance in discrete absorption are N2 ,

+
02) Nz’

(Originally published as AFCRC-TR-59-296, dated September 'V
1959, Lockheed Aircraft Corporation, Contract AF 19(604)~3893)

27 T TYTA

and NO . Those of importance in continuous absorption are N, O, O,

—
" 9 remmyi.Te .o
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and electrons in free-free transitions in the presence of positive ions. It was
thought that NO2 might make a significant contribution, but the experimental
and theoretical information available for this is very scarce. Some measure-
ments by Dieke, Heath, and Petty (1958) at about 1000°K are included in our
table for comparison. They indicate that the overall contribution from NO2 is
small at that temperature and that it decreases rapidly with density. One should
note, however, that in practical applications there is often a considerable dcpth

of cold air between the source and the observei which absorbs all wavelengths

0
below 3000°A. In the remaining near ultraviolet and visible region of the spec-

Fel
é trum the contribution due to NO2 certainly is extremely important, and a future

; study should investigate this very carefully. There is also a possibility that N203
ﬁ.é may make some contribution at low temperatures (Melvin and Wulf (1931, 1935);

' Moore, Wulf, and Badger (1953), and this also should be investigated.

Iy

A

2, ABSORPTION COEFFICIENTS AND RELATED QUANTITIES

2.1 DISCRETE ABSORPTION

The absorption coefficient H 1yt g of the J'" - J' rotational line of
the v'' - v' vibrational band of the L(ower)-U(pper) electronic transition is:

3 2
_ 8r DI g 1
PLuvm'gng' = 3he “Luv'vianst Npwge 23" + 1 ()
MIM"
where
VLUv"v'*" o= frequency of the line center
N Iyt = population of absorbing molecules in the L state, v" level,
and J" level
F = line shape factor, where f Fdv = 1
M', M" = magnetic quantum numbers
D = multipole matrix element (often dipole matrix element for
*
strong transitions) = f \Ilu M\I/Ldr
2
|
: |
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Here M is the multipole moment of the transition, \I/u R \I/L are the total molecular
wave functions of the upper and lower states respectively, and dr is the element
of configuration space for the whole molecule.

By use of the Born-Oppenheimer (1927) approximation it is possible to sepa~
rate the variables in the molecular wave functions into electronic and nuclear con-
tributions (p. 199, Herzberg (1950). That is

¥ = Yo1¥vib Yrot

m = Me1 * mnucl @)
dr = d‘rel d'rvib d‘rrot
After a little algebra
_ ~LU ., vyt JNJ!
D = Del Dvib rot )
where
2 * 2
uLl® _ | U L 2
De1 | = f Vel Me1 Y1 9Te1| = R (4)

Re(r) is called the electronic transition moment of the L:--U transition, and is

not in general independent of r , the internuclear separation [Fraser (1954),
Nicholls (1958) and references therein]. Further, by using a ''quasi-united atom"
approximation it is often possible to define an effective electronic oscillator strength

fLU for the L-U transition through Eq. (5a).

2

- m
flu = — 37
I e

e o]

D

. (52)

LU

L

i iti E = = E
For single electron transitions, the usual sum rule L f LU 1 T fLU ,

holds. Some remarks on the sum rules relating to the fraction of oscillator strengths
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associated with individual bands, groups of bands, and groups of bands and continua

are made at the end of this Section. An appropriate "average'" frequency for the

whole band system is YLy
Also

2
= Qg (6b)

2
Dvib =

fd'v‘ ‘pv" dr

where

-] o0
Z qvvvn = 2 qv'v" =1
0 .

vi=0 v =

The q-sum rules, which are a direct result of the orthogonality of the vibra-
tional wave functions, involve a summation over zll of the continuum levels as well
as the discrete levels of the molecular potentials for L and U . The contribution
from the continuum is negligible when there is only a small difference in the inter-
nuclear separations r, of the two potentials. It can become significant (e.g., in
the case of the Schumann-Runge system) when the separation is large. In the above,
B is the Franck-Condon factor of the v'—v'" band. Arrays of Franck-Condon
factors, computed on the basis of a Morse potential model, are available for most
important transitions [Jarmain, Fraser and Nicholls (1953, 1955); Fraser, Jarmain
and Nicholls (1954, 1958); Nicholls, Fraser and Jarmain (1959)]. Refer-

ences to arrays computed on the basis of other oscillator potentials are given by

Nicholls (1958a). It may be noted in passing that the Morse potential now appears
to be more realistic for many molecular transitions than has previously been sup-
posed [Jarmain (1959a,b)].

Finally, ,
2
JHJ' _ \ N
Drot | = Syuge j
where z SJ,,J, =2J" + 1 (5¢)
Jl
- and Syugr = 2J' + 1

&
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S gy is the strength factor or the H6nl — London (1925) intensity factor of the

J'" —J' line. Tables of these factors, which determine in part the relative in-

S PN

tensity distributions of lines within a band, are given by Herzberg (1950) and
Johnson (1950).
Summing Eq. (1) over all lines of a band, and using Eq. (5c¢)

3 2 2
_ 871 - LU vity!
f“dv = 3hc "Luv'w! NLv" Del vib )

where band LUy

in such an averaging procedure, which has been discussed by Nicholls (1952) and

is an "average' frequency for the band. The approximation

by Fraser (1954, 1959) is not severe when the band is compact. N is the popu-

Lv"
lation of the v! level.

For a compact band system, ;LU of Eq. (52) may be approximately equal
to vy gy of 4. (6). Thus from Egs. (5a), (5b) and (6)
1re2
Ba{dudu = ‘mc NovrfLy Gy {7)

This equation is cxtremely important and indicates the control exerted upon the in-
tegrated absorption coefficient of a band by the population, Franck-Condon, and
oscillator-strength factors. In order to present useful tables of absorption coeffi~
cients over equal frequency intervals Av (equivalent to equal energy intervals),

we define an absorption coefficient averaged over Av as follows:
-A
m = 1/Av / pudv
Av

If the region Av contains several bands whose contributions have to be added,
then:

=Av _ 1 5‘
N _/udv

Bands, AV

5
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; Thus, the equation which was used in the construction »f the tables in the Appendix
i is:

2
0. _ Te
o mcAv 2 NL‘.,'"fLqu'v" ()
AV

The values of NLv' we e uvaluated using Gilmore's (1955) data.

Rough experimental estimates and measurements are availeble “or the elec-
tronic oscilla:or strengths fLU for the band systems of imports .ce {0 our wo .
[Meyerott 17.855); Keck, i)vel and Wentink (1957); Frkovitch (195¢,. w ber and
Penner (1953, 19567); Webw:t (1957), Ditchbirn and Heddle {1953, 1954); warmo

(1953); Mayence (1952 )]. since the experimental cetermination~ ‘vere made by

‘.‘:"r

R
L

different methods, and becsuse there ~oes not seois £ be comr! {¢ vnanimity

eithe_ L the dofinitions 2. vulues o) the ¢, cillatcr strengths or in the metheds
by which the contributions of the ciiferent bands ire ail-wed i>r, wne following re-
marks are made in the irisrest of :larity and tr sp. -ily our int. D1=2ttr:on 0. 08~
cillatcr strengths of bands and bana-systems.

Sov.z authors [c.g. » Ditchburn and Heddle (1954)] find it conven’ :nt to divide
the electronic oscillator stro..gth of the L-U transition intv contribvtions from
each »f the hands, and from. the Jdissociation continuum of the complete v' or v

progression in absorptior ind emissicn. They assari:

2 f 1 = f = f Iy 11 (9)
V':O V"V LU v”:O vy
Absorpticn Emission

To avoid confusion, it is necessary to state clearly:

(1) The conditions under which this is true
(2) The m~anire r.f the wavelength vang.: (which is an extension of

the range of integration 7\1
X\

in the usual expression /, zpd v = E_f}:_ NLfLU

to 7\? of an atomic absorption line

thus associated with

the oscillator strength
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(3) The way in which the absorption and emission intensity measure-
ments become involved in the determinations of oscillator strengths
The absorption case is relatively well known and straightforward. In brief
the sum rule holds well, and it is for this reason that the absorptiion method is al-
ways used where possible. The absorption intensity of the v" —v' band may be
written:

Y Y T P

I =KN , v
v

oy (10)

vllv' Bvllv'
Bv" ! is the induced transition probability (Einstein-B coefficient) and is propor-

tional to Rz(r) q, and K is a constant. Thus the sum of all the absorption

lvH ) W
intensities, including dissociation continuum in a v' progression (v!' = const,

usually 0) is "
00 0

1= z Iv"v' = const Nv" Z v B (11) |

v'_O v'-n v"v' V"V'

The oscillator strength fLU of an atomic absorption line may be defined through

fLU = const NL VLU BLU (12)

(P

On defining by analogy an effective oscillator strength for the v'v' band, viz,

£ o,=constv_, B, =constl, ./ (13)
vy viv! Tyly vily Nv"

T

we can write from Eqgs. (11), (12), and (i3)

w0 Ny
PR P

"v
"
D18

= const N, f; . = (14)

00
const N_,, z | SN
v yt=g V'V
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The absorption sum rule of Eq. (9) is clearly evident in Eq. (14). It should
be mentioned that, although the contribution from the dissociation continuum of the
U atate is often negligible, it does become significant in some cases (e.g., Schumann-
Runge system). The effective band oscillator strength as defined in Eq. (13) is largely
controlled by the relative value of Gy (which is intrinsically contained in Bv"v') .
If Re(r) varies with r , this fact will aiso influence Bv"v' and therefore fv"v' .
The wavelength range over which the measurement of the oscillator strength may
be considered to be distributed is the wavelength range of the v' progression
(including the dissociation continuum if significant), v" = const.

Some aspects of the emission casc are a little less obvious. The intensity

Iv y of the emission v'~—v''band is given by

4
IV'V" =K va VV'V" BV'V" (15)

i

B3

since the spontaneous emission transition probability (Einstein-A coefficient) is

K
g proportional to Vs'v" Bv'v" . The mean lifetime Tyt of the v' level radiating
to all of the v'" levels including the dissociation continuum of L is given by
) . o0 o0
2 BB - const D
l/Tv' = const ottt =0 VV'V” BV’V" ) conSt V"= 0 IV'V"/NV' Vv'v" (16)

In the case of an atomic oscillator strength, the equivalent atomic lifetime of the

L pbt v e D e g gl SR L)

upper atomic level is given by

T

=

= const { Vz (17)

3
11y = const vyyy By UL UL

Thus, defining an effective oscillator strength fv - for the v'—v" band by

fv'v” = const Vg Bv " as before

£ [ e P

ry R, YT e
AL
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we have

08

2
vlv" v'v"

in

00
, S
. 1/-rU l/rv. const fi;, vy;y = const I v

o0

) | G
const Yy (18)
v N ,v
vl._ 0 v' v'vﬂ

Only when the band system is compact enough to permit writing

0 o0

00
I
2 2 _ .2 2 _ z viv!
A Vv'V"fv'V" =YUL o f‘,vvn = vieo NV' VV'V" (19)

and only when the lifetimes of all the upper vibrational levels are equal as implied

by Eq. (18), does the sum rule in emission [Eq. (9)} follow from Eqs. (18) and (19).
The effective wavelength range associated with a measurement is then that of

the v' progression v' = congt. Care must be excrcised not to irciude contri-

butions from any bands within this wavelength interval which originate from levels

other than the v' chosen. The same oscillator strength, to the degree of approxi-
mation specified above, should hold for any v' progression.
Finally, in connection with the use of Eq. (8), tabulated data on Franck-Condon

factors were available for the band systems of interest. These have been cited

above and are discussed in detail in Section 3.1.3.

The above discussion relates to an optically thin layer of gas, and our calcu-

L Ay Y

lations were carried out for this case. The effect of a thick layer may be described
briefly as follows:

The intensity of light emitted by an isothermal region along a chord of length
L is

= - - !
Iv Bv(l exp “VL) (20)
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where

uL= p, (1 - exp - h,/kT) (21)

o KA

and where Bv is the Planck blackbody function. For optically thin regions (where
u:,L << 1 everywhere) there is no self-absorption in any of the lines and the result

of a first-term expansion of the exponentials is

| SRR AR,
<
<
<

I =B u' L (22)

: where u;} may be replaced by the average absorption coefficien. .. iq. 8) Chould
& there be self-absorption in the lines, such an averaging proce. . .8 not valid, and
g‘ iine shapes and line spacing must be considered.
d 2.2 CONTINUOUS ABSORPTION COEFFICIENTS
; In general these make a significant contribution only at high temperaiures
) . . .
as is seen in the Appendix tables.
:
:i 2.2.1 O Photodetachment Absorption
J
Y

The photodetachment cross section of O has been computed by Bates and
Massey [Bates and Massey (1943, 1947); Bates (1946)] and their results, together with
with the experimental extension of the low-~enevrgy region of the cross-section curve
by Branscomb and co-workers [Branscomb and Smith (1955), Branscomb, Burch,

Smith, and Geltman (1958)] have been used here. Branscomb et al measured the

photo cross section from an apparent threshold of 1.45 ev to 3 ev. Bates and

Massey's data have been normalized to fit Branscomb's measurements.

2.2.2 Free-Free Absorption by Electrons in the Field of Positive Ions

The free-free absorption coefficient of electrons in the field of positive ions

of charge Z is

ppp = NN (23)

10
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A formula for Ks was developed by Sommerfeld and has been evaluated numeri-

cally by several authors. In particular if we write

K, * 8K (24)

then Kk , which was derived semiclassically by Kramers [Chandrasekhar (1939):],

is given by

2
2 2 2 1/2
4 7
mc

33 he

and g is » factor derived by Gaunt to take account of deviations from Kramer's
theory. It has been tabulated by Berger (1956) and a Maxwell average was used,
In the temperature range of our tables 1.0<g <1.2 . Further, we have as-

sumed that Z = 1; Nc = Ni .

2.2.3 DPhotoelectric Absorption by Excited Levels of O and N

The photeelectric absorption by O and N from their excited states lies

within the frequency range of our iables. The photoelectric cross section is:

- 7.'82 df

o e Gl
PE mec dv (26)

In our work the transitions from excited levels of Q, N, N2 which cor-
respond to principal quantum numbers N = 3, or higher, of a hydrogen-like
model are important. These excited states are more nearly hydrogenic than the
ground statecs, and we have thercfore estimated df/dy ona hydrogen-like model,
Tpp and thus from Eq. (26) df/dv varies roughly as V_J at any particular
photoelectric absorption edge. For H, Ilovels of n = 3 have a total oscillator
strength to the continuum of 0.2 [Bethe and Salpeter (1957):]. These assump-
tions lead to

dt

2./, 3
i 0.4(Vi)/ v) 27

1]
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where v i is the ionization energy of the absorption edge. Thus the photoelectric

absorption coefficient is

2

=0.4 &N

vi
Hpg me My, (28)

3

where Ni is the number of atoms or molecules per cc in the state i . The num-
ber for n =3 corresponding to energies of 10.3 ev or higher will be negligible at
all but the highest temperatures in our range ~12, 000°K. Photoelectric absorption
was thercfore ignored at lower temperatures. At longer wavelengths, where effects
of discrete bands are negligible, the photoelectric effect, while small, may be a
major contributor, and further studies of it should be made. Calculations were
made for O and N . The existence of a level at 4.1 ev in the case of O sug-
gests that calculations at lower temperatures than we consider may reveal a con-

tribution from O .

3. RESULTS AND BASIC DATA

In the tables of the Appendix, computations of ;7 AV are presented at 0.25 ev

(2016.5 cm—l) intervals of the absorption coefficients for the following discrete

transitions:
3.+ 3 - X
N2 A Z, B Ilg First positive
B%g - Caﬂu Second positive
N, Lzt Lzt First negative
2 g u
NO X2 Il ——BZII Beta
XZII — AZZ Gamma
3a- 3o+
02 X Zg —B 2_'1 Schumann~Runge

The calculations are based on Eq. (8). Contributions from continuous-
absorption processes discussed in Sections 2.2.1, 2.2.2, aad 2.2.3 were obtained

using the integral data of Eqs. (23) to (28).

12
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The basic data on NLv" ) Ni , fLU v Qg s Y koo needed to perform

the computations were obtained as described in the subsections to follow.
3.1 DISCRETE TRANSITIONS

LV" ’ Ni

3.1.1 Population Factors N
The equilibrium composition of dry air (molecular speries, ionic and elec-

tronic composition, etc.) was taken over most of our temperature and density

ranges from Gilmore's (1955) tables and report. His tables were extended slightly

to lower temperatures as shown in Table 1.

Table 1. Fraction of N2 Molecules in Excited States
at 3000°K and 4000°K

State 3000°K 4000°K
X'T 1.00 1.00
-1% -
N 2.507% 1.0277
837 1.37712 2.087°

*In this and the other tables the superscripts indicate the power of 10; e.g., 2. 50_1

means 2.50 x 10-'1.

Having established, with the use of Gilmore's tables, the relative population
factors (N L) of the electronic states for the molecular constituents from which

the absorptions occurred, the relative populations N of the vibrational levels

LV"
v'" were calculated assuming a Maxwell-Boltzmann energy distribution.

It may be mentioned in passing that Gilmore's tables on the equjlibrium of
dry air differ in a number of finding= from the recent Russian data of Predvoditelev

et al (1958).

13
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3.1.2 Effective Molecular Electronic Oscillator Strengths fLU

The effective oscillator strengths provisionally adopted are displayed in
Table 2, where they are compared with some recently published data of Keck,
Camm, Kivel and Wentink (1959).

Table 2. Effective Molecular Electronic Oscillator Strengths Selected

Transition fLU Selected fLU (Keck et al 1959)(6)
N, B%r - ¢%r 0.07 (1)* 0.09
N, A%s - B3 0.02 (1) 0.025
Ny X°Z - B’z 0.20 (2) 0.18
NO X% - BZr 0.008 (3) 0.006
NO X2r - A%z 0.0025 (4) 0. 001
0, X’z - B 0.259 (5)t 0.028 (bands)
i continuum 0.215
fban ds of v' = 0 progression

0.044

*
References

Keck, Kivel, Wentink (1957)

2. Estimate. We have recently learned of a calculation of the oscillator
strength of the N2 first positive system by Bates and Witherspoon
(1952). Using the LCAO method they obtained an f-number of approxi-
mately 0.002, which is an order of magnitude smaller than the number
cbtained by Keck et al.

3. Weber (1957)
4. Weber and Penner (1957) -- (They actually get 0.0024 rather than 0.0025.)
5. Ditchburn and Heddle (1953, 1954)
6. Keck, Camm, Kivel and Wentink (1959)
14
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While the adequacy of the experimental measurements of oscillator strengths
is discussed in Section 4, it may be briefly remarked here that the apparent discrep-
ancy between Ditchburn and Heddle's measurements for the 0, Schumann-Runge
system (in absorption), and those of Keck et al (1959) in emission, arises from the
fact that the former authors correctly measured the contribution from all the con-
tinuum, together with that from all the bands in the v' = 0 progression, whereas
Keck et al content themselves with the slightly cryptic remark, '"The value obtained
for the wavelength range 330047 OOX was f = 0.028." Apparently no allowance was
made for the continuum, and only a limited number of bands were treated by the latte
authors. It should further be noted that Watanabe, Inn, and Zelikoff (1953) obtained
an £-value of 0. 161 for the same continuum studied by Ditchburn and Heddle.

3,1.3 Franck-Condon Factors Q1

The Franck-Condon factor arrays which were used in the calculations are
specified in Table 3.

Table 3. Franck-Condon Factors q, used

'vll
Band System Source of FCF Array
N2 A3Z - B3 T For v', v">10 (1)*; for v', v''=9 (1,2)
N, B%7 - ¢’r )
+ 2 2
N, X, Z - B2 (3,4)
NO X217 - Br 5)
x%r - A%z 5)
o, X’z - B’z For vi <3, v"' =3 (6);v' =15, v' =2 (1)
Remainder, see Table 5 (8)
*
References
1. Jarmain and Nicholls (1954) 5. Kivel, Mayer and Bethe (1957)
2. Nicholls (1958) 6. Fraser, Jarmain and Nicholls (1954)
3. Jarmain, Fraser and Nicholls (1953) 7. Jarmain,Fraser and Nicholls (1955)
4. Nicholls (1956) 8. Nicholls, Fraser and Jarmain (1959),

and private communication
15
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Franck-Condon factors for N2 outside the range of those given in Jarmain and
Nicholls (1954) are given [Jarmain and Nicholls (1958)] in Table 4. Similarly,
Franck~Condcn factors for the v'" = 0 progression of 0;2 Schumann-Runge
v' = 16-21, together with data for a few "hot' bands at v' =4, 5, 6, 7, 8, are ’
given [ Nicholls, Fraser and Jarmain (1958)] in Table 5. See also Nicholls,
Fraser and Jarman (1959).
E. Table 4. Franck-Condon Factors for N2 First Positive
g 0 1 2 3 4 5 6 7 8 9
0 0.338 0.325 0.190 0.0888 0.0365 0.0142 0.0052 0.0018 0.00068 0.0003
1 0.407 0.0023 0.103 0.178 0.145 0.0864 0.0437 0.0202 0.0086 0.0038
2 0.197 0.180 0.114 0.0012 0.0773 0.127 0.112 0.0751 0.0424 0.0223
3 0.0502 0.298 0.0388 0.163 0.0324 0.0090 0.0686 0.100 0.0906 0.0652
. 4 0.0072 0.132 0.274 0.0018 0.115 0.0882 0.0053 0.0180 0.0630 0.0817
E}' 5 0.00063 0.0276 0.211 0.181 0.0480 0.0433 0.106 0.0384¢ O 0.0211
'-i 6 0.00003 0.0030 0.0615 0.260 0.0829 0.105 0.0032 0.0818 0.0702 0.0162
J 7 1x107% 0.00017 0.0086 0.107 0.270 0.0190 0.130  0.0067 0.0400 0.0770
! 8 0 4x 10_6 0.00058 0.0188 0.156 0.243 0.00004 0.118 0.0369 0.0050
E: 9 0 0 0 0.0019 0.0387 0.2094 0.1731 0.0251 0.0689 0.0745
b
;
! Table 5. Estimated Franck-Condon Factors for 02 Schumann-Runge
E‘ vi,v" q vivh q
; 16, 0 1.273 6,3 1.072
17,0 1.67° 5,4 7.072
g 18, 0 2.073 6,4 3.072
: 19,0 2.473 7,4 3.072
: 20,0 2.973 8,4 6.0
21,0 3.47 5,5 2.0
4,3 1.072 6,5 5.0
5,3 2.072 7,5 7.072
16
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3.1.4 Wavelengths and Other Standard Molecular Data

Wavelengths were taken from Pearse and Gaydon (1950); outside the range
covered in their compilation the wavelengths were calculated from fhe constants

given in Herzberg (1950).

3.2 CONTINUOUS TRANSITIONS

Values of Ni needed for Eqs. (9) and (14) were taken from Gilmore's (1955)
tables. Values of Vs needed for Eq. (14) wexe obtained from Moore's (1949)

compilation.
4. DISCUSSION

4.1 TABLES AND GRAPHS

The complete results are presented in the tables in the Appendix. These
tables list the individual, andthe sum of contributions, of the various transitions
(both discrete and continuous) to the absorption coefficients. Figures 1 through 6
show the same results for a few representative values of p/po and T. Atthe
low end of the temperature range O2 Schumann-Runge clearly dominates with the
two NO band systems just beginning to appear. In the intermediate range the NO

overtakes the O, and the first negative band system of N; dominates in the visi-

ble region. At t}21e high end of the temperature range the continuous absorption
takes over, with free-free transitions dominating in the infrared, and with the
photoelectric effect on N and on O dominating the visible and the ultraviolet

respectively.

Additional figures illustrate this in a semi~-quantitaiive way. Figures 7 and 8
present for a given transition, the ratio of the maximum of u to the sum of all
such maxima as a function of temperature for normal and 10_6 normal air density.
This is within the entire spectral region. Since there are no calculations between
8, OOOOK and 12, 000°K the curves are not accurate in that interval, but they never-
theless show the general trend. Considering the importance of the visible region,

due to the ultraviolet cut-off in cold air, we also present in Figures 9 and 10 the

0
confribution to p for wavelength A = 3967A.
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4.2 LIMITATIONS OF THE TABLES

el
-

2 SR e Y,

While the most significant absorbing constituents have undoubtedly been
accounted for in the tables, it should not be overlooked that there will probably

+
be some contribution in the photographic infrared from the N2 Meinel band sys-
tem (Xzz — A27r) which overlaps the N2 first positive system If the gas tem-~
perature is high enough to populate the higher BZE level of N (at 25,461.5 cm—1

above XZE y it will certainly be high enough to excite the A27r lavel at 9168.4 cm -1

y [Douglas (1953)]. In laboratory discharges, it is very difficult to separate this

; band system from the overlying N, first positive bands which are of great sig-

nificance in the spectrum of the auiora. Data are available on the population

factors N, (Gilmore (1955)] and on the Franck-Condon factors [ Fraser, Jarmain,
and Nicholls (1954), Nicholls (1956, 1958b)]. However, no experimental informa-
tion is available (even as an esiimate) upon the effective electronic oscillator strength.
In a later report we shall give the values of Ni fLU - assuming fLU =0.1.
Such a table can be easily modified by simple scaling when experimental values of

f LU become available.

Barde? sk B bl " Al

4.3 EXPERIMENTAL OSCILLATOR STRENGTHS

The experimental values of most of the oscillator strengths provisionally

adopted in this report are still open to question, as discussed below, but it is ex-

R T S iy

pected that during the next decade there should become available revised values

based on lifetime measurements, which are much less open to misinterpretation

than are absolute intensity measurements in emission or even absorption measurements.
Reference to Table 2 indicates that we have leaned heavily upon the experi-

mental measurements of Keck, Camm, Kivel, and Wentink (1957, 1959) for the

oscillator strengths of the N2 , N; band systems; their value for 02 is misleading.

T LS A e Vv,

In their experiments, apparently sequential, photoelectric intensity measure-
ments were made at each of a series of unspecified wavelength increments AA over

0 0
the wavelength range 2000 A to 10, 000 A (one experiment for every increment) of

e e s e ek

the luminosity from shock-heated air, N2 ; O2 , over a rangc of temperatures

from 4000°K to 9000°K and over a range of densities from 0.01 to 10 times standard

T

Ry
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atmospheric density. A fraction of the bands (unspecified in each case) from each
system was mcasured, and the intensities, after subtraction of estimated contri- t
butions from O attachment continua, and other assumed overlapping features,
were interpreted theoretically with the aid of Franck-Condon factors and popula-
tion factors,to give an effective oscillator strength for the band systems discussed.
The value of this exploratory research is beyond question, but the interpretation of
the measurements, which was briefly described, is open to question in a number of
places.

In the case of the O- Schumann—Runge system, these authors studied bands

in the wavelength interval 3300 A to 47 OOA using very approximately calculated

Franck-Condon factors for the bands alone, and totally ignoring the contribution
of the dissociation continuum [measured by Ditchburn and Heddle (1953, 1954):],
which they could not observe. On this basis their value of 0. 028 probably repre-

A
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o
:
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sents a partial contribution from the bands alone and compares plausibly with
Ditchburn and Heddle's value of 0.044 for all the bands of a progression. The value
0.215 for the continuum, in our opinion still stands, and the total 0.259 for the whole .
r . transition scems realistic. We refer the reader to our remarks on the definition

of f-number in Section 2.1. Keck et al in the discussion in their 1959 paper (p.35)

refer to an effective f-number of their earlier work as being associated with a

limited wavelength range, and draw some comparisons with the situation for N2

. e W

first positive which seem confused.
The claim of Keck et al (1959 p. 30) that the N2

represents the principal source of radiation in the wavelength interval 6,000 A to

first positive band sy%tem

0
10, 000 A is open to serious question. The Nz first positive system is strongly
overlapped by the N Meinel system which was undoubtedly excited in their shock

tube together with the N first negative system The first positive system is also

strongly overlapped by the CN red system (A = X2 Z) [DIXOI\ and Nicholls (1958)] i
which bears a relatmnshlp to the CN violet qystem (B Z — X Z) comparable to
the relation of the N

2
of course isoelectronic and have a similar energy level array. Keck et al (1959)

‘Meinel system to the N first negative. CN and N; are

publish photographs of spectra from their shock tube which show strong impurity

29
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! bands of CN violet. The CN red system should have been excited in their shock
tube, and their microphotometer trace (Fig. 10, p. 14) shows clearly, contrary to
: the claim made in its caption, the presence of other radiation than the Nz first .
o positive system. Thus their oscillator strength for the N2 first positive bands is
a open to question.

a The whole difficult technique of measuring oscillator strength from emission
spectra of transient sources (which also requires repetitive experiments to cover
the wavelength range), when the luminosity has contributions from competing radi-
ators which strongly overlap in wavelength, should be carefully studied and com-
pared with other techniques which, for the same amount of effort, might offer more
meaningful results.

The recent claims of Erkovich (1959) should be mentioned in the case of the
oscillator strengths adopted by Weber and Penner (1957) for the NOvy system.
Erkovich's work was briefly abstracted in Physics Express (Vol. 1, No. 9, Jun 1959).

It involves the claim that Weber and Penner's technique was in error, reanalyzes

some of the measurements of Marmo (1953) and Mayence (1952), and suggests a
value of f = 0.043. Until Erkovich's full paper becomes available for evaluation,
his comments must be borne in mind as for the moment incomplete.

In conclusion, it might be said that the usefulness of the tables in the Appendix
is not greatly reduced by some ambiguity in the exact experimental values of the os~
cillator strengths provisionally adopted. They are, in most cases, probably correct
to within an order of magnitude, and new measurements will only require simple re~-
scaling of the tables.

We hope to refine the tables in the light of new data on f-numbers aad on the
photoelectric effect (Armstrong 1958). Klein and Breuckner (1958) have greatly im-~
proved the agreement between theory and experiment for the photodetachment cross
section of O . There is a possibility of using Franck-Condon factors obtained
from the numerically evaluated potentials (Jarmain 1959a, b). Some start may

even be made on a theoretical estimate of oscillator strength by optimum use of

high-speed digital computers.
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APPENDIX
COMPUTATIONS OF ABSORPTION OF RADIATION BY AIR

The tables in this appendix were computed for dry air in the temperature
range from 1,000°K to 12,()00°K. Computations were made for equal energy
increments of 0.25 ev (2.016.5 cm_l). The wavelength was over the range from
1, 1678 to 19,8372, and density ratios relative to sea level p/po » were calculated

for each order of magnitude from 10 to 1078,
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Table 1

ABSORPTION COEFFICIENT OF AiR (cm”™))

T = 1000°K and plp, = 10

A
o)

NO g8

NO vy

0, (8-1)
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Table 2

ABSORPTION COEFFICIENT OF AR (cm ) : T =

1000°K and plp, =

A
)

NO g8

NO vy

0,(5-R)

Mrotal

NO

—

(QOQOQOOOOOF‘—‘

0.

= = R A =

L9837
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.9016
. 7630
.8612
.5834
.5220
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.3673
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. 3199
. 3066
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. 2543
. 2419
. 2307
. 2204
. 2110
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L1871
.1803
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.1681
. 1626
.1574
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1480
1457
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L1320
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Table 3

ABSORPTION COEFFICIENT OF AIR {cm ') : T = 1060°K and olp, = 1071

A
o) NO 8 NO vy 0,(S-R) Brotal NOZ

1.9837
1.4168
. 1020
9016
. 7630
.6612
-5834 1.70 8
5220 2768
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Table 4

L

ABSO PTION COEFFICIENT OF AIR (cm™) : T = 1000°K and p/p_ = 1072

A o
) NO 8 NO vy 0, (S-R) FTotal NO,

1
E . 1.9837
N\ 1.4163
1.102¢
. 0.9015
0.7%30
% 0 6612
@ 0.5834 5.36 8
5 0.5220 8.74 8
0.4723 ' 1.25
0.4312 1.66
0.3967 1.79 77
.3673
.3420
.3199
.3006
.2834
.2681
. 2543
.2419
. 2307
. 2204
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. 2024
.1945
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0
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0 3.05
0 .25 4.40 ~
0 1.46° 1.47°
0 5.80 ~ 7.98 ~
0 i.28 2.93
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0 5.91 6.14
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Table 5

ABSORPTION COEFFICIENT OF AIR (cm Y) : T = 1000°K and plp_ = 1073

A
) NO A NOy 0,(8-R) Hrotal NO,

. 9837
.4168
.1020
.9016 .
.7630
.6612
.5834
.5220

-— - X

1.70 3

2.76 -
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Table 6
ABSORPTION COEFFICIENT OF AIR (cm‘l) : T = 1000°K and plp, = 107

o e g e

A
)

NO 8

NO ¥y

02 (8-R)

Frotal

NOz

-T XN

o

St S s S e

4
:
|

1.9837
1.4168
1.1020
0.9016
0.7630
0.6612
0.5834
0.5220
0.4723
0.4312
0.3967
0.3673
0.3420
0.3199
0. 3006
0.2834
0.2681
0.2543
0.2419
0. 2307
0.2204
0.2110
0.2024
0.1945
.1871
.1803
.1740
.1681
.1626
.1674
.1526
.1480
.1437
L1397
.1369
.1322
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.1195
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Table. T
ABSORPTION COEFFICIENT OF AIR {cm™1) : T = 1000°K and olp, = 1070

A
o -
) NO 8 NOy 0,(8-R) Protal No,

1,9837
1,4168
1.1020
0.30i5
0.7630
0.6612
0.5834 7.39 -13
0.5220 1.20 "12
.4723 1.73 ~12
.4312 2.15 12
. 3967 2.46 -12
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. 3199
.3006
2834 3.05 ~16 .05 ~16
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Table 8

ABSORPTION COEFFICIENT OF AIR (cm ™) : T = 1000°K and plp, 1078

A
(D

NO g

NO vy

02 (8-R)

Frotl

NO

U837
.4168
.1020
.9016
0.7630
0.6612
0.5834
0.5220
0.4723
0.4312
0.3967
0.3673
0.3420
0.3199
0.3006
0.2834
0.2681
0.2543
0.2419
0.2307
0.2204
0.2110
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2024

.1945
.1871
.1803
.1740
.1681
.1626
.1574
.1526
.1480
. 1437
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L1224
.1195
.1167
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Eé Table 9
AUSORPTION COEFFICIENT OF AIR (em™Y) : T = 2000°%K and plp, = 10
w0 NO g NOy 0, -1 Hotal
1.9837
1.4168
1.1020 :
0.9016
0.7630
0.6612
0.5834
0.5220
0.4723
0.4312
0.3967
0. 3673 2.53 8 7.79 " 8.04 0 i
0.3420 1.13 7S 3.68 g.07 ™4 7.08 ~* i
0.3199 3.86 > 90.17 7 2.39 ™ 2.43 73
0. 3006 1.5¢4 4 9.36 5 8.55 ~ R
0. 2834 4.08 7 7.52 70 2.70 7 2.75 2 |
0. 2681 2.08 6.46 ~4 6.15 ~2 6.42 ~2 J
0.2543 5.66 3 5.77 3 2.27 -1 2.38 71
0.2419 9.70 3 17871 2.64 71 4.52 7
0.2307 2.21 7 3.00 1 2.08 ! 5.30 I
0. 2204 2.67 2 4.69 2 6.40 8.47 '
0.2110 1.43 71 s.6471 111 ! g b -
0.2024 1.12 7! 4.07 71 3.96 71 9.15 ~1 .
0.1945 2.45 7} 2.22 2.47 \
0.1871 8.93 7 8.93 1 ’
0.1803 1.88 ! 1.88 1 i
0.1740 5.13 1 5.13 ! ;
0.1681 |
£ 1626 é
0.1574 |
0.1526 e
0.1480 é
0.1437 .
0.1397 E
0.1359 1)
0.1322 ;
0.1288 N
0.1255 i
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Table 10

ABSORPTION COEFFICIENT OF AIR (cm—l) : T = 2000°K and P/Po =1

A
W)

NO i

NO y

0, (5= 1Y

ll.r

atnl

1. 9847
1.4168
1.1020

LH016
0.7G30
0.08012
0.6834
0,6220
0.4729
0.43812
0, 1087
0. 3673
0,3420
0, 3109
0, 3006
0.2834
0. 2683
0.2543
C.2419
0.2307
0. 2204
0.2110
0. 2024
0.1045
0.1871
0. 1803
0.1740
0. 1681
0,1620
0.16%74
0. 1526
0, 1480
0.1437
0.139%
0.1259
0.1322
.1288
0.1255
0.1224
0.1195
0.1167

[

NN W W

-

3,68 °
n.17 "
v.30 "
7,02 -G
.46
37
.18t
3.00
4.69
4.64
4.07
2.45 ~

7.80
6.98
2.39 "
8.56
2.70 ~
6.16 ~
2.27
2.64
2.08
6.41
1.1

3,96 ~
2.22
8.94
1.88

5.14
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Table 11

ABSORPTION COEFFICIENT OF AIR (cm™)) : T = 2700°K and plp, = 107t

(i gt e Bl Rk, LAY

el W W %W

. e O & s

A
o)
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ABSORPTION COEFFICIENT OF AIR (cm-l) : T = 2000°K and p/p0 =10

A
o)

1,9837
1.4168
1.1020
0.9016
0.7630
0.6612
0.5834
0.5220
0.4723
0.4312
0.3967
0.3673
0.3420
0.3199
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Table 13

ABSORPTION COEFFICIENT OF AIR (cm'l; : T = 2000°K and p/po = 1073

A
o) NO g NO 0

5-R)

2 Hrotal .

1. 9837
1. 1168
1.367
L9016

7820

0 O

.6612
5834
.5220
4723
L4312
. 3967
. 3673
. 3420
.3198
. 3006
L2834
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2419
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L2110
2024
1945 2.44 ~
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.1803
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1574
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. 1359
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ABSORPTION COEFFICIENT OF AIR (cm ™) ¢ T = 2000°K and plp, = 10
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Table 14
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NO g

NO y

02 {8-R)

%rotal

1.9837
1,4188
1.1020
0.9013
0.17630
0.6612
0.5834
0.5220
0.4723
0.4312
0.3967
6.3673
0. 3420
0.3199
0. 3006
0.2834
0.2681
0.2543
0.2419
0.2307
0. 2204
0.2110
0.2024
0.1945
0.1871
0.1803
0.1740
0.1681
0.1626
0.1574
1,1526
0.1480
0.1437
0.1397
0.1359
0.1322
0.1288
0.1255
0.1224
0.1195
0.1167
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ABSORPTION COEFFICIENT OF AIR (cm ™) : T = 2000°K and p/p, = 10

Table 15
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A
)

NO g

NO y

HTotal

1,9837
1.4168
1.1029
0.9016
0.7630
0.6612
0.5834
0.5220
0.4723
0.4312
. 3967
. 3673
. 3420
. 3199
. 3006
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Table 16

ABSORPTION COEFFICIENT CF AIR (cm"l) . T = 2000°K and plp, = 1078

A
)

NO 8

NO y

0,(S-R)

Berotal

1.9837
1.4168
1.1020
0.9016
0.7630
0.6612
0.5834
0.5220
0.4723
0.4312
0.3967
0.3673
0. 3420
0.3199
0. 3005
0.2834
G. 2681
0.2543
0.2419
0, 2307
0.2204
0.2110
0.2024
0.1945
0.1871
0.1803
0.1740
0.1681
0.1626
0.1574
0.1526
0.1480
0.1437
0.1397
0.1359
0.1322
0.1288
0.1255
0.1224
0.1195
0.1167
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Table 17
ABSORPTION COEFFICIENT OF AIR (em™Y) : T = 3000°K and p/p, = 10
0’:) N7 Ny Ny (17) NO B NO y 0, (5-R) Frpotal
1.9837
1.4168
1.1020 7.08 78 7.08 8
0.9016 1.15 77 1.15 77 :
0.7630 9.96 "8 9.96 ~8
0.6612 5.36 5 5.36 8
0.5834 1.72 78 2.86 17 17278
0.5220 1.65 % 7.85 6 1.65 2
0.4723 2.50 ~12 9.49 ~15 10777 1.07 78
0.4312 2.12 "1 7.51 14 1.62 74 2.23 7 2.39 7
0. 3967 2.22 710 4.17 718 2.50 % 1.04 "% 1.07 2
0.3673 1.087° 2.66 13 1.26 1.17 2 1.30 ~2
0. 3420 2.39 "> 5.68 14 2.47 73 5.72 7 6.04 72 6.29 "2
0.3199 3.01 79 5.68 11874 1.10 7} 1.16 71
0.3006 1.57 72 1.50 2 7.57 % 2.75 "1 2.91 7}
0. 2834 2.70 ~10 2.84 "2 4.29 73 5.63 5.96 71
0.2681 7.42 72 2.21 8.84 1 9.80 *
0.2545 1.61 7% 11974 2.03 2.31
0.2419 1.86 7 1.45 1.57 3.21
0. 2307 3.03 1 1.40 8.73 "1 2.58
g. o0 5.1 1 398" zozs | 2.30
0.2110 1.23 2.20 2.89 ! 3.23 1
0.2024 8.00 "1 1.94 5.77 71 3.32
0.1945 1.12 2.23 3.35
0.1871 6.23 ! 6.23
! 0.1803 131 ! 131t
0.1740 3.57 1 3.57 1
0.1681
0.1626
0.1574
0.1526
0.1480
0.1437
0.1397
0.1359
0.1322
0.1288
0.1255
0.1224
0.1195
0 1167
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Table 18

ABSORPTION COEFFICIENT OF AIR (cm™) : T = 3000°K and olp, =1

(2 N0 ") N, Ny (1) NO B NO y 0, (8-R) Broal
1.9837
1.4168
1.1020 7.98 ~° 7.98 9
0.9016 1.15 78 1.15 "8
0. 7630 9.97 % 9.97 ™0
0.6612 5.97 5.97 79
0.5834 17278 4,45 718 17270
0.522 1.654 10 1.22 716 1.65 10
0.4723 2.90 13 1.48 71 1.06 8 1.06 S
0.4312 2.12 12 117 "M 1.60 ™ 2.18 ™4 2.34 7%
0. 3967 2.22 "1 ¢.50 ~4 2.46 ™ 1.02 73 1.04 ™
0. 3673 1.08 70 4.14 14 12474 1147 1.26 73
0.3420 230710 | se B | 247t 5.64 5.90 ™ 6.14 7 :
0.3199 3.01 10 5.60 ~* 1.17 7 1.07 2 1.13 72 !
0. 3006 1.58 10 i.4873 7.47 72 2.69 2 2.85 2
0. 2834 2.70 "1 2.80 ™3 4.2374 5.50 "2 5.82 2
0.2681 7.32 7 2.18 73 8.63 2 9.58 2
0.2543 1.59 2 L1772 1.08 7} 2.26 1
0.2419 1.84 72 1.43 71 1.53 7 3.14 71
0.2307 2.99 "2 1.39 71 8.53 2 2.54 1
0. 2204 3.11 2 3.93 "2 2.18 2.25
0.2110 1.22 7} 2.18 2.82 3.16
0.2024 7.89 2 1.91 7 5.63 "2 3.26 7!
0.1945 1117} 2.13 7% 3,29 1
0.1871 6.08 ~2 6.08 2
0.1803 1.28 1.28
0.1740 3.49 3.49
0.1681
0.1626
0.1574
0.1526
0.1480
0.1437
0.1397 |
0.1359 {
0.1322 i
0.1288
0.1255 ,
0.1224
0.1195 ‘
0.1167

53

vy

My

T
A g

LipHARY




N T S Y o R A R A R o L L A Y S a e R S e A A S R Y R R N e A S s TR RS

Table 19

ABSORPTION COEFFICIENT OF AIR (cm™) : T = 3000°K and plp, = 107"

a) Ny0*) N,(2") Ny (1) NO 8 NO y 0, (5-R) Frotal
1.9837
1. 4168
1.1020 7.99 ~10 7.99 ~10
0.9016 115 7 1.16 "8
9.7630 9.98 ~10 9,88 ~10
0.6612 5.37 10 5.37 ~10
0.5834 1.72 710 117 "8 1.72 ~10
0.5220 1.65 11 3.2z "7 1.86 11
0.4723 2,80 "¢ a.8p "16 10277 10277
0.4312 2.12 "1 3.08 "10 1.54 8 2.01 78 2.16 0
0. 3967 a.22 "3 1714 2.371 % 9.42 5 9.66 ™0
0.3673 1,08 "M 1.00 "1 11978 1.05 4 11774
0. 3420 2,39 ~H 2.33 ~15 2.3¢4 5.42 " 5.45 "% 5.68 "
0. 3109 3,01 "1 5.38 5 1.12 78 9.89 ~4 1.04 73
0.3008 1.58 "1 142 7 7.17 78 2.49 "2 2.64 "2
0.2834 2.71 12 2.69 "4 4.06 " 5.08 "3 5.39 3
0. 2681 7.03 " 2.09 " 7.97 73 8.e8 "
0.2543 1.52 7 113" 1.83 72 2.10 2
0.2419 1.76 73 1.37 2 1.41 72 2.96 2
0. 2307 2.87 3 1.33 72 7.88 2.41 72
0. 2204 2.98 3 3.77 " 2.0171 2.08 "1
0.2110 1.17 2 2.09 2 2.61 7} 2.94 71
0.2024 7.58 ~° 1.83 2 5.20 72 3.11 72
0.1945 1.07 2 2,01 2 3.08 2
0.1871 5.62 3 5.62 3
0.1802 11871 11871
0.1740 3.22 71 3.22 71
0.1681
0.1626
0.1574
0.1526
0.1480
0.1437
0.1397
0.1359
0.1222
0.1288
0.1255
0.1224
0.1195
0 1167
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Table 20
ABSORPTION COEFFICIENT OF AIR (cm™ ) : T = 3000°K and p/p_ = 107
0’:) N2(1+) N2(2+) Ny () NO 8 NO y 0, (S-R) Frotal
1.9837
i 1.4168 :
1.1020 g.01 "1 8.01 "1 X
. 0.9016 1.16 710 L
0.7630 1.00 10 L
0.6612 5.38 11 5.
0.5834 a1 3.83 19 1.
' 0.5220 1.66 "12 1.05 V7 1
. 0.4723 2.01 % 1.27 ~18 8.99 9 8.
g 0.4312 2.13 714 101738 .36 77 1.57 8 1
0. 3967 2.23 13 5.50 "1 2.09 7" 7.35 1.
0.3673 1.09 "12 3.56 15 1.05 6 8.22 ~6 9.
0. 3420 2.40 12 761718 | 20776 4.79 ~° 4.25 75 4.
0.3199 3.02 ~12 4.76 8 9.92 8 7.7 75 8.
0. 3006 1.58 2 1.26 ™ 6.35 7 19474 2.
0.2834 2.72 718 2.38 70 3.60 0 3.97 74 4
0. 2681 6.22 70 1.85 72 6.22 4 1.
9. 2543 1,35 ~4 9.96 ™ 1.43 73 1.
0.2419 1.56 74 1.2173 1.10 73 2.
. 0.2307 2,50 4 1.18 7 6.15 7% 2.
0. 2204 2.64 4 3.34 "4 1.57 2 1.
0.2110 1.04 73 1.85 ~ 2.08 2 2.
0.2024 6.70 4 1.62 7 4.06 % 2.
0.1945 9.43 74 1.57 73 2.
0.1871 4.38 7% 4.
0.1803 9.23 3 9.
0.1740 2.52 "2 2.
¢.1681
0.1626
0.1574
0.1526
0.1480
0.1437
0.1397
0.1359
0.1322
0.1288
0.1255
0.1224
9.1195
0.1167
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Table 21
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ABSORPTION COEFFICIENT OF AIR (cm 0) : T = 3000°K and o/o, = 1073

A 4 + -
w0 Ny(17) N2 N; (1) NO g NO vy 0,(S-R) Frotal
1.9837
1.4168
1.1020 8.08 12 8.08 "2
0.9016 1.16 "1 1.16 "1
0. 7630 10071 10171
0.6612 5.43 12 5,43 12
0.5834 1.74 712 1.45 "19 1.74 712
J 0.5220 1.67 713 3.99 18 1.07 713
¥ 0.4723 2. 94 'iz 4,837 6.27 10 6.27 10
0.4812 2.15 " 3.82 ~16 9.49 79 7.59 78 8.54 8
0, 3967 2.24 14 2.12 19 1.46 "8 3.55 " 3.70 7
. 0. 3673 1.10 713 1.35 19 7.35 8 3,977 4’
&: 0. 3420 2. 42 718 2.8y ~16 1.4577 3,34 ~10 2.05 6 2.20 78
. 0.3199 3.05 :i: 3.32 'Z 6.92 'Z 3.72 76 4.06 "8
& 0. 3006 1597 8.79 '6 4.43 '7 9,36 6 1.03 7%
A 0. 2834 2.74 " 1.66 " 2.51 " 1.917° 2.10 7
0. 2681 4.3¢478 1.29 7 3.00 7° 3.56 ~°
0. 2543 9.40 ~© 6.96 5 6.89 0 8.53 0
0.2419 1.09 7 8.47 5.327° 1.45 7
0. 2307 1.777° 8.22 7> 2.9775 13074
0. 2204 1.847° 2.3375 7.59 4 8.01 "4
0.2110 7.227° 12974 9.8174 11873
X 0.2024 4.687° 1.43 74 1.96 7 1.79 74
i 01945 6.58 = 7.59 7 14274
Iy 0.1871 2.12 79 2.12 70
0. 1803 4,454 1457
F 0 1740 12173 12173
2 0.1681
E: 0.1626
F 0.1574
- 0.1526
I 0.1480
. 0.1437
0.1307
0.1359
0 1322
0. 1288
0. 1255
0.1224
0.1195
0.1167
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Table 22

ABSORPTION COEFFICIENT OF AIR (cm_l) +T = 30000K and p/po = 10-4

a) N,a*) N,(2") N, (1) NO B NO ¥ 0, (5-R) Brrotal
9837

.4168
1.1020 8.15 13 8.15 ~13
0.9016 1.18 12 1.18 12
0.7630 1.02 12 1,02 12
0.6612 5.48 13 5.48 13
0.5834 1.75 13 6.89 ~20 1,75 ~13
0.5220 1.69 "4 1.89 718 1.69 1
0.4723 2.98 7 2.29 V7 2.84 "1 2.8¢4 1!
0.4312 2.17 ~16 1.81 716 4.30 710 1.54 79 1.97 7
0. 3967 2.26 19 1.00 28 6.62 10 7.22 79 7.88 72
0.3673 1.10 14 6.41 6 3.33 0 8.07 79 11478
0.3420 2.44 714 1.37 718 6.56 0 1.51 711 4.1878 4.84 78
0.3199 3.07 "1 1.50 8 3.14 710 7.58 ~8 9.1 "8
0. 3006 16174 3.98 78 2.0179 1.90 77 2.32 7"
0.2834 2.76 15 7.53 7 11478 3.89 77 4.76 77
0. 2681 19777 5.85 "0 6.11 77 8.67 "
0.2543 4.26 7" 3.15 77 1.40 8 2.14 8
0.2419 4.93 77 3.84 8 10878 5.41 78
0. 2307 8.03 " 3.72 8 6.04 7 5.13 S
0.2204 8.35 7 1.06 8 1.54 3 1.737°
0.2110 3.27 ~° 5.84 S 2.00 5 2.917°
0.2024 2.12 8 5.1376 3.99 7 7.65 "
0.1945 2.98 8 1.54 4.5278
0.1871 4.30 :Z 4.30 -:
0.1803 9. 06 9.06
0.1740 2.477° 2.47 70
0.1681
0.1626
0.1574
0.1526
0.1480
0.1437
0.1397
0.1359
0.1322
0.1288
0.1255
0.1224
0.1195
0.1167
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B Table 23
é ABSORPTION COEFFICIENT OF AIR (em™') : T = 3000°K and p/p, = 107
§
o N,a%) N,(2") Ny (17) NO 8 NO v 0, (5-R) Protal
1,837
; 1.4168 .
’ 1.1020 8.19 714 8.19 ~14
) 0.9016 1.18 13 1.18 713
0.7630 1.02 13 1.0z ~13 .
0.6612 5.51 14 5.50 M
0.5834 1.76 14 3.74 20 1.76 ~1¢
0.5220 1.79 ~19 1.03 ~18 1.79 718
) 0.4723 2.98 "18 1.24 7 9.74 13 9.74 ~13
E 0.4312 2,18 17 9.82 M 1.47 71 1.80 ~11 3.27 M
3 0, 3967 2.28 6 5.46 ~16 2.27 "1 8.42 "1 1.07 710
0. 5073 1,11 738 3.48 ~16 1.14 710 9.41 1! 2.08 10
0.3420 2.45 "0 7.43 17 2.25 ~10 5.19 713 4.87 710 7.13 10
0.3199 3.00 % 5.16 ~10 1.08 11 8.83 ~10 1.41 7%
0. 3006 1.62 73 1.36 72 6.88 "1 2.22 ~° 3.65 ™2
0.2834 2.78 ~16 2.58 2 3.90 10 4.54 7% 7.51 7%
0.2681 6.74 "° 2.00 "% 7.12 7° 1.59 8
0.2543 1.46 78 1.08 "8 1.63 78 4.17 78
0.2419 1.69 ~8 1327 1.26 "8 16277
0. 2307 2.75 8 1.28 77 7.04 2 1.63 77
0.2204 2.86 8 3.62 "8 1.80 7 2.45 " :
0.2110 11277 2.00 ™7 2.33 77 5.45 7"
0. 2024 7.26 7 176 " 4.647° 2.53 7"
0.1945 10277 1.80 "8 1.20 77
0.1871 5.02 ~° 5.02 7>
0.1803 1.06 -7 1.06 -1
0. 3740 2.88 " 2.88 "
0.1681
0.1626
0.1574
0.1526
0.1480
0.1437
0.1397
0.1359
0.1322
0.1288
0.1255
0.1224
0.1195
0.1167
58
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Table 24
ABSORPTION COEFFICIENT OF AIR (cm 1) : T = 3000°K and plp, = 1078
(z) Ny(1%) Ny(2") Ny @) NO 8 NOy 0, (s-R) Beotal
1.9837
1.4168
1.1020 8.19 5 8.19 ~1°
. 0.9016 1.18 14 1.18 714
0.7630 1.02 714 1.02 714
, 0.6612 5.51 719 5.51 "1
3 0.5834 1.76 718 2.08 20 1.76 ~19
g 0.5220 1.70 716 5.72 2 1.71 716
4 0.4723 2.98 "1° 6.92 18 3.12 14 3.12 14
! 0.4312 2.18 718 .41 17 4.72 718 1.85 "1 6.57 13
! 0. 3967 2.28 V7 3.04 18 7.26 13 8.64 13 1.50 ~12
‘ 0.3673 1.1 726 1.94 716 3.65 ~12 9.66 13 4.62 712
F-% 0. 3420 2.45 26 4.1 717 7.19 ~12 1.66 "4 5.00 12 1.52 11
i.'g 0.3199 3.09 :ig 1.65 :ﬁ 3.44 j: 9.07 :ii 2.59 :ii
, 0. 3006 1.62 4.37 2.20 2.28 6.87
% 0.2834 2.78 V7 8.27 "1 1.25 "1 4.6 M 1.42 710
Y 0.2681 2.16 :ig 6.42 :i; 7.81 :Ll) 3.53 jg
! 0.2543 4,87 3.48 1.68 9.81
; 0.2419 5.41 10 4.2179 1.30 10 4.88 7
: 0. 2307 8.81 10 4.09 7% 7.23 11 5.04
' 0.2204 9.16 1Y 1.16 72 1.85 3.93
e 0.2110 3.59 ™0 6.41 7% 2.39 79 1.24 78
h 0.2024 2.33 79 5.63 7 41771 8.01~?
A 0.1945 3.271 1.85 30 3.46 7
& 0.1871 5.15 11 5.1 11
0.1803 1.08 9 1.08 7%
0.1740 2.96 2 2.96 0
; 0.1681
E; 0.1626
. 0.1574
X 0.1526
0.1480
i 0.1437
3 0.1397
: 0.1359
0.1322
0.1288
3 0.1255
‘ 0.1224
4
X 0.1195
\ 0.1167 ‘
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Table 25

ABSORPTION COEFFICIENT OF AIR (em ) : T = 4000°K and p/p, = 10

0’;) N,a') N,(2") Ny (1) NO B NO y 0, (8-R) Protal
1.9837
1.4168
1.1020 2.847° 2. 4570
0.9016 4.197° 4.1975
0.7630 3,757 3.75°5
0.6612 2.2670 2. 2675
0.5834 8.2¢°8 127712 8. 268
0.5220 1.1478 31271 1.0574 1.087%
0.4723 1.1878 3.10710 5.927% 5.0z~
0.4312 5.24°8 1.78"% 4.3673 3.12 2 3.5672
0. 3067 4.367" 7.007° 5.107° 1117 1.167
0.3673 1.6478 4.0879 1.8972 9.96"2 1.197
0. 3420 2.7078 11570 3.2572 5.977° 4.1671 4,497
0.3199 3.7178 5.6172 1.1378 5.5171 6.0871
0. 3006 2,058 1207t 5.7073 1.16 1.29
0.2834 3.3877 17871 2.7572 1.90 2.11
0. 2681 3.6271 tor! 2.48 2.95
0.2543 6.9971 4.4771 4.46 5.61
0.2419 6.647 3.40 2.78 6.84
0. 2307 9.1771 2.49 1.81 4.72
0. 2204 8.7971 9.59°1 3.07 3.25
0.2110 2.968 3.90 3.44 1 413}
0.2024 1.72 3.42 5.067 5.65
0.1945 1.93 1.63 3.56
0.1871 3.79“1 3.79-1
0.1803 7.97 7.97
0.1740 2.19 1 2.19 1
0.1681
0.1626
0.1574
0.1526
0.1480
0 1437
0.1397
0.1359
0.1322
0.1288
0.1255
0.1224
0.1195
0 1167




L8 Wb R, S8, W, IV X Vo B R AESR AU & S VPSR S A 0 (AL WA £ L SR AU RS SR B AR MR K et U AL B A0 R B 10 B AL e AT, RHRSARE oE8 Bt F g i Y,

:

3
Table 26
~ X _1 0
ABSORPTION COEFFICIENT OF AIR (cm ) : T = 4000 K and P/Po =1
A N N, 2 Noa” NO g N 0, (S-1
G0 N, N, (2 N, {1) / Oy 2("‘) Hopotul
‘ 5.984%
&i 1.41068
1.1020 2.86 8 2.86 "6
] 0.9016 4.23 78 4.23 78
0.7630 3.78 8 3.78 78
v 0.6612 2.27 78 2,278
2 0.5834 8.32 3.02 7% 8.32 7
o3 - - - -
. 0.5220 115 7" 7.40 712 9.17 78 9.29 ™S
! 0.4723 1.19 ™0 7.35 "1 5.18 5.18 ™
‘ 0.4312 5.28 70 4.23 710 3.82 ™ 2.37 "3 2.75 =
i 0. 5967 4.40 78 1.66 9 4.46 7 8.44 73 8.89 3.
1 pioe -1 -9 -3 o s =3 , =3
B 0. 5673 166 1.18 1.66 .56 9.22
b - -1 - - - -
% 0. 3420 2.712 7" 2.73 0 2.85 73 5.22 75 3.16 "2 3.45 2
>, ' . -7 -3 .. =5 io =2 . na =2
- 0 319y 3.40 4.91 9. 68 4.18 4.68
3 I 7 -2 -4 -2 -2
X 0 3006 2.07 1.05 4.99 8.78 9.88
e -8 -2 -3 -1 -1
0.2834 3.41 1.56 2.40 1.44 1.62
(% 0.2681 3.17 2 9.39 73 1.88 7% 2.20 "1
E:: 6. 2643 6.12 2 3.91 "2 3.30 ! a.30 7t
2 0.2419 5.81 72 2.98 1 2.11 7! 5.67 71
i ¢. 2307 8.02 2 2.18 9.96 2 3.98 71
0.2204 7.69 2 8.39 "2 2.33 2.49
0.2110 2.60 7} 3.41 % 2.61 3.21
-1 -1 -2 -1
0.2024 1.51 2.99 3.84 4.88
0.1945 ’ 1.60 1 12471 2.03 "%
0.1871 2,88 ~2 2.88 2
0.1803 6.05 1 6.05 %
G.1740 1.66 1.66
0.1681
0.1626
0.1574
0.1526
0.1480
el
¥ 0.1437
X 0.1397
’ 0.1359
" 0.1322
0.128%
-~ 0.1255
N 0.1224
<
3 0.1195
:'i 0.1167
A)
’d
r:'a
4
) 61




Table 27
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ABSORPTION COEFFICIENT OF AIR (cm™ Y} : T = 4000°K and p/og = 107!

A

L1681
L1626
L1574
. 1526
.1480
. 1437
L1397
<1359
.1322
.1288
. 1255
L1224
L1195
L1167

o Ny2') NO g NO vy Frotal
1.9837

.ase

1020 2.91 77
. 9016 4.30 77
L7650 3.85
G612 2.32 77
5834 1. 8.47 "8
.5220 2. 6.24 71 6.36 7
.4723 1.21 710 2. 3.52 3.52 =6
.4312 5.37 710 1. 2.60 "3 1. 1.34 ~4
. 3967 4.48 9 5. 3.04 0 3. a.15 4
L5673 1.08 "8 4. 1.13 4 3. 4.58 ™4

5420 2.77 78 9. 1.9 74 3.55 1. i.63 73
. 3199 3.81 8 3.34 74 6.73 8 1. 225 =
3006 2.11 78 7.15 74 3.39 7 4. 475>
. 2834 3.47 77 1.06 3 1.64 6. 7.79 ™
2681 2.16 =3 6.39 " 8. 1.14
2543 4.16 73 2.66 3 1. 2.23 ~2
.2419 5.05 7 2.02 ™ 3. 3.38 72
2307 5.46 1.48 2 4. 2.48 ~2
. 2204 5.23 5.717° 1. 1177}
L2110 1.71 72 2.32 72 1. 1.60
.2024 1.02 2 2.03 2 1. 3.23 2
.1945 1.15 1.72 72
.1871 1317
.1803 2.76 %
.1740 7.51 2

CJ
TR T
.
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Tabie 28
ABSORPTION COEFFICIENT OF AIR (cm ™)) : T = 4000°K and plp, = 1072 ]
A Nt N2 NI Q) NO 8 NO y 0,(5-R) M
W) 2 2 P 2 Total
‘ 1.9837
1.4168 |
1.1020 2.97 8 2.91 "8
. 0.9016 .36 ¢ 4.38 78
0. 7630 3.92 78 3.92 8
9.6612 2.36 8 2.36 "8
0.5834 8.63 ~° 5.18 14 8.63 "3
0.5220 1.20 79 1.27 12 2.50 "8 2.92 8
0.4723 1.23 "1 1.26 11 1.58 =7 1.58 77
0.4312 5.47 "1 7.26 “11 1.16 ° 2.13 8 3.29 8
! 0. 3967 4.56 10 2.85 0 1.36 8 7.58 5 8.94 %
E; 0.3673 1.72 :3 2.03 :i: 5.06 ': . 6.79 :: 1.18 ::
- 0.3420 2.82 4.69 8.69 1.58 2. 84 3.72
’ 0.3199 3.88 2 1.50 ~° 3.02 7 3.75 0 5.28
3 0. 3006 2.15 79 3.91 70 152" 7.88 "5 11274
0. 2834 3.54 710 4.76 0 7.3478 1.20 74 1.84 74
0.2681 9.68 ™0 2.87 70 1.69 ~4 2.95 4
0.2543 1.87 % 1.19 74 3.04 4 6.10 4
) 0.2419 17774 9.09 4 1.89 "4 1.28 =
S 0. 2307 2.45 " 6.65 4 8.94 70 9.99 ~4
= 0.2204 2.35 % 2.56 4 2.09 7 2.58
. 0.2110 7.93 74 1.04 73 2.34 73 41773
6.2024 4.60 4 9.13 74 3.45 70 14178
0.1945 5.16 " L1 g.21
0.1871 2.60 2.59
0.1803 5.43 4 5.43 74
0.1740 1.48 73 1.49 73
0.1681
n.1626
0.1574
0.1526
0.1480
0.1437
0.1397
0.1359
0.1322
0.1288
0.1255
0.1224
0.1195
0.1167
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Table 29

R -3
ABSORPTION COEFFICIENT OF AIR (cm ™) : T = 4000°K and p/p, = 10

.1681
.1626
. 1574
L1526
. 1480
. 1437
.1397
. 1359
.1322
. 1288
. 12565
.1224
.1195
. 1167

0’:) N,07) Ny(2') N (1) NO 8 NOy 0,(s-R) Total
I.987
{.4168
1.1020 2.98 72 2.98 9
0.9016 4.40 2 4.40 7%
0.7630 3.94 79 3.94 77
0.6612 2.37 79 2.37 79
0.5834 8.67 ~10 2.79 14 8.67 10
0.5220 1.20 710 6.85.713 9.67 10 1.00 ~°
0.4723 1.24 12 6.81 ~12 5.46 ~° 5.47 9
0.4312 5.50 "12 3.92 11 4.02 78 2.53 8 6.55
0. 3967 4.58 "1 1.54 710 41178 9.00 "8 13777
0. 3673 1.72 710 1.09 ~10 .75 7 8.06 ~8 2.56 "7
0. 3420 2.84 710 2.53 ~11 3.00 7 5.51 710 3.37 77 6.38 77
0.3199 3.90 10 5.18 77 1.04 "8 4.46 77 9.75 7
0. 3006 2.16 ~10 .18 5.26 "8 9.36 7 2.10 8
0.2834 3.55 1 1.64 S 2.54 77 1.5¢4 76 3,438
0.2681 3.3¢ 76 9.9177 2. 00 "8 6.33 75
0.2543 6.45 O 4.12 78 3.61 5 1.42 70
0.2419 6.12 *° 3.14 75 2.25 75 3.9870
0.2307 8.46 ° 2.30 7 1.06 S 3.25 75
0.2204 §.11 76 8.85 8 2.48 0 4,18 75
0.2110 2.74 70 3.60 2.78 7% 9.12 =%
0.2024 1.59 75 3.15 5 .09 77 4.78 70
0.1945 1.78 ™ 1.32 78 1.91 7%
0.1871 3.07 -7 3.07 -7
0.1803 6.45 "8 6.45
0. 1740 1.77 7 1.77 73
0
0
0
0
0
0
0
0
0
0
0
0
0
0




.

Y

Table 30

ABSORPTION COEFFICIENT OF AIR (cm‘l) : T = 4000°K and p/p0 - 1074

0’:) N, N,(2") Ny (1) NO 8 NO ¥ 0, (5-R) Frotal
1.9837
1.4168
1.1020 2.94 ~10 2.94 "10
0.9016 4.34 710 4.34 710
9.7630 3.89 30 3.89 710
0.6612 2.3¢4 710 2,34 ~10
0.5834 8.56 "1 1.54 14 8.56 "1
0.5220 118 M 3,77 13 3.08 ! 4.30 "1
0.4723 122723 3.75 ~12 1.74 710 1.78 10
0.4312 5.42 713 2.16 "1 1.28 70 2.62 ~10 1.56 72
0. 3967 4.52 712 8.46 "1 1.50 2 9.33 10 2.52 79
0.3673 1.70 "1 6.02 "1 5.57 8.3¢ 10 6.48
0. 3420 2.80 "1 1.39 "1 9.58 "> 1.76 11 3.49 79 1.3178
0.3199 3.84 "1 1.65 0 3.33 10 4.62 77 2.15 8
0. 3006 2.13 "1 3.54 3 1.68 72 9.717° 4.68 78
0.2834 3.50 12 5.25 "8 8.09 ~° 1.59 "8 7.65 °
0.2681 107 7 3.16 ° 2.08 1.59 7
0.2543 2.06 1.82 7 3.75 8 3.75
0.2419 1.95 " 1.00 78 2,33 8 1.22 78
0. 2307 2.70 7 7.32 11078 10178
0.2204 2,597 2.82 7" 2.58 7.99 71
0.2110 8.74 71 1.15 2.89 " 2.31 %
0.2024 5.077" .01 78 4.25 79 1.52 8
0.1945 5.69 1.87 8 5.83
0.1871 3.19 3.19
0.1803 6.69 S 6.69
0.1740 1.84 7 1.84 7
0.1681
0.1626
0.1574
0.1526
0.1480
0.1437
0.1397
0.1359
0.1322
0.1288
0.1255
0.1224
0.1195
0.1167
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Table 31

ABSORPTION COEFFICIENT OF AIR (cm‘l) : T = 4v00°K and plp, = 107"

0’;) N,a*) N,(2") Ny (1) NO 8 NO y 0,(5-R) Frotal

1.9837

1.4168

1.1020 2.78 "1 2.78 "1
0.9016 4111 4.1
0.7630 3.68 "1 3.68 "1
0.6612 2.21 "M 2.21 711
0.5834 8.10 ~12 8.26 ~18 8.11 12
0.522¢ 1.12 -12 2,03 ~18 9,56 -13. 2,08 ~12
0.4723 1.15 "1 2.01 "12 5.40 ~12 7.42 "2
0.4312 5.13 "14 11671 3.98 11 2,65 12 5,41 11
0. 3967 4.28 713 4,54 "1 4,65 1 9.44 712 1.02 "0
0.3673 1.61 712 3,24 "1 1.73 710 8.46 12 2.15 ~10
0. 3420 2.65 12 | 7.49 712 2.97 10 5.44 ~13 3.5¢ "1 3.36 10
0.3199 3.64 12 5.12 710 1.03 "1 4.68 1 5.73 710
0. 3006 2.01 ~12 1.10 °® 5.20 "1 9.82 11 1.25 70
0. 2834 3.32 713 1.63 79 2.61 710 1.61 710 2.04
0. 2681 3.30 ~° 9.80 ~10 2.10 "0 4.49 ~°
0. 2543 6.38 4.08 ° 3.79 ~10 1.08 8
0.2419 6.05 ™0 3.10 8 2.36 10 3.73 =8
0. 2307 8.36 ~° 2.27 8 1.11 710 3.12 78
0. 2204 8.0z ~? 8.75 2 2.61 7 1.94 2
0.2110 2.71 78 3.56 8 2.92 = 6.56
0.2024 1.57 78 3.12 8 430711 | 44978
0.1945 1.76 8 1.39 ~10 177 8
0.1871 3,221 3,221
0.1803 g.77 ~10 6.77 710
0.1740 1.86 =2 1.86
0.1681

0.1626

0.1574

0.1526

0.1480

0.1437

0.1397

0.1359

0.1322

0.1288

0.1255

0.1224

0.1195

0.1167
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Table 32

ABSORPTION COEFFICIENT OF AIR (em™ ) : T = 4000°K and p/p, = 1076

o Ny(1") N, (") Ny (1)) Nog | rov 0,5-1) | oo
1.9837
1.4168
1.1020 2,33 12 9,33 ~12
0.9016 3.44 ~12 3.44 712
0.7630 3.08 712 3.08 "1
0.6612 1 85 712 1.85 ~12
0.5834 6.78 13 4.03 713 6.82 ~13
0.5220 9.39 "1 9.89 "% 2,78 "1 2.1 72
0.4723 9.67 18 9.83 13 1.57 718 1.14 712
0.4312 4.30 18 5.65 ~12 1.16 712 2.66 "1 6.84 ~12
0. 3967 3.50 ~14 2.22 71! 1.35 "2 9.48 14 2,37 1!
0.3673 1.35 13 1.58 "1 5.02 "12 8.49 "% 2.10 ~1
0. 3420 2.22 713 3.35 ~12 8.63 "12 1.58 "1 3.55 ~13 1,20 ~1
0.3199 3.05 ~13 1.49 "1 3.00 13 4.60 18 1.60 '}f
0. 3006 1.69 713 3.19 "V 151712 9.86 ~13 3.46 "2
0.2834 2.78 "1 47271 7.20 ~12 1.62 712 5.61 711
0. 2681 9.60 "1 2.5~ 2.11 12 1.27 10
8.2543 1.85 11 1.1 10 3.81 712 1.41 -}o
0.2419 1.76 10 9.02 710 2.37 ~12 1.08 79
0.2307 2.43 710 6.60 10 1.1z 12 9.04 20
0.2204 2.33 -10 2,54 ~10 2.2 "1 5.13 710
0.2110 7.87 10 1.03 ™ 2.93 1! 1.85 'Z
0.2024 4.56 70 9.06 'io 4.31 ’12 1.36 :10
0.1945 5.12 710 1.39 :13 510 7
0.1871 3.037% | 8.2
0.1803 6.7 " 5.79 "2
0.1740 1.86 1.86
0.1681
0.1626
0.1574
0.1526
0.1480
0.1437
0.1397
0.1359
0.1322
0.1288
0.1255
0.1224
0.1195
¢.1167
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Table 33
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ABSORPTION COEFFICIENT OF AIR (em™ ') : T = 6000°K and plpy = 10
(:) N7 N.,(E') N:(l—) NO B NO ¥ O, 8-’ | n - & M
> 2 2 2 PD(0O ) ff Total

19837 2.690 4| .69 %
1.4168 9.86 | .86 5
11020 | 7.02 79 16275 | 7.0
o.900¢ | 1.13 72 2.5¢ | 11372
0.7630 1.22 72 1.92 -2 1.5¢ 0 1 5,142
0.6612 | 9.21 73 23472 | 100" | 3.26°2
0.583 5.42 73 9.72 =8 25572 | 6,906 3,002
0.5220 | 7.84 7% 2.16 0| 3,013 27272 | 490 8| 3.10°2
0.4723 9.217%) 18075 1,972 2.827% | 3.64%| 4,202
0.4312 3.4 74375 | 58972 12a7 | 20372 | 2670 21371
0.3967 17273} 20374 | 5.252 3.39 71| 209572 | 21576 42372
0. 3673 4.75 73| 165 7% | 1.4271 2427 ] 20872 | 1718 407!
0. 3420 5.67 0 41678 | 2007 | 267 | 5187 | 4482 13878 Lo
0.3199 8.71 73 2717t | 55270 | 78671 | 5.31°2 11375 113
0. 3006 5.04 3 4187 | 2.207% | 1y 57372 | 9.36°7 ! 1.0
0.2834 7.84 4 5.5271 | 9.06 % | 1.80 6.0272 | 7.8 | 2.50
0. 2681 8.83 71 | 2.65 7} 1.96 6.2272 | 66477 | 3.1
0.2543 1.52 8.48 "1 2.80 6.40 ~2 5.65 5.23
0.2419 1.18 4.03 1.40 6.57 2 | 4.8 | .68
0. 2307 1.39 2.24 55870 67372 | 42177 | 4.2
0.2204 1.22 117 1217t 68672 | 36077 1,46 !
0.2110 3.57 3.44 1177 ] 74972 | 52577 | .88 !
0. 2024 1.83 3.01 12670 78272 | 2877 | 5.04
0.1945 1.64 349071 | 70972 | 25577 | 2.06
0.1871 6.56 2| 81672 | 2.2 7| L4}
0.1803 1.38 8.287¢ | 20377 | 1.46
0.1740 3.76 8.4172 | 18277 | 3.8
0.1681 8.5872 | 16477 | g.5872
0.1626 8.74 72 | 14877 | g.7472
0.1574 8.97 2 1.34 77 | g.87 2
0.1526 9.00 ~2 1.2277 | 9.00 "2
0.1480 9.16 ~2 11177 | 9,162
¢.1437 9.29 2 10277 | g.20 "2
0.1397 9.4172 | 93578 | 9452
0.1359 9.5¢ 2 | 8.6278 | 9.54 2
0.1322 9.66 2 | 7.9478 | 9.66 2
0.1288 9.8372 | 7.3278 | 9,832
0.1255 9.96 2 | 6.7078 | 9,962
0.1224 1.01 7 6.30 % | 10171
0.1195 1.02 7 5.84 5 | 1.027}

L1167 1.03 -1 5.45 -8 1.03 -]
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Table 34

APSORPTION COEFFICIENT OF AIR (em ™)) : T = 6000°K and p/p_ =1
(o]

2
)
|
E
A Na*y |oneh | N NO B Noy | O, (s-R -
o) 2 2 z Y 28-R) 1 Hppio7) P Frotal
1.9837 1.66 > | 1.667°
1.4168 6.07 5| 6.0778
1.1020 | 7.1674 2.8 8| 71074
. 0.9016 1.16 3 1.56 8] 11673
0.763 | 1.25°° 6.0674 | 9.417| 19573
Y 0.6612 | 9.40 7% 848t | 61677 | 17972
) 0.583¢ | 5.53 7 3.99 8 9.247t | 42477 14878
g 0.5220 | 8.00 > 8.87 7| 14174 9.847% | 3027 | 1227°
; 0.4723 9.46 8| 7.407%] 59374 10270 | 22477 16373
0.4312 3.51 7| 3.0579| 2.7573 2.61 3| 1.0673 17077 | 6.5573
0. 3967 17574 8.367%| 2.4573 7.2 nor3 | 1327| 1n-?
t: 0.3673 4.85 : 6.78 “: 6.64 3 52073 1087 | 10577 | 13572
Y 0. 3420 5.79 11175 03078 | 148 | 1672] 1ne2® | 84978 20272
3 0.3198 880 74 13072 | 2587 | 1872 19270 | 6958 33072
0. 3006 5.14 74 2.2472 | 10878 | 209572 201 | 57678 55572
0.2834 8.00 0 2582 | 42478 | s.882| 221878 | 4828 71172
) 0.2681 41372 | 12472 | 42272] 2267% | 40878 | 08272
3 0.2543 70272 1 2072 | 60272| 2328 | 348 1737t
3 0.2415 5.55°2 | 18871 | 3.0172| 23873 | 298| 277!
E 0. 2307 6.4 2 | 1,051 1,202 | 2.4478 2.50 8| 1.84°1
i 0.2204 57172 | 54672 | 260 1| 24873 | 2.207%| 37a”?
. 0.2110 et et | 25171 271 | 20078 5827
A 0.2024 8.562 | a1l | 2m®| 28373 | nwr¥| 23271
: 0.1945 7.872 | 73173 2803 | 15778 | 87072
; 0.1871 1417 290570 | 14078 43670
0.1803 2.0672| 3.00% | 12578 | 3.2672
- 0.1740 8.0072| 3.04 | 1128 53972
0.1681 108 | 10178 31073
4 0.1626 3.6 | 9.1178 | 3.1678
> 0.1574 .21 | 824 32178
: 0.1526 3.267 1 7.517° | 3.2673
E 0.1480 33273 | 6.8°°] 33278
. 0.1437 3.3 % | 62170 | 33673
g 0.1397 3.417% | 5157 | 3.8
: 0.1359 3.45% | 5.307°| 3.4573
0.1322 3.50 % | 4.88° | 35073
0.1288 3.562 | 4.517% | 35673
0.1255 3.607% | 4.187% | 3.607°
0.1224 3.652 | 38870 | 3.657°
0.1195 3.607° | 3.507% | 3.697°
0. 3.727% | 33570 | 37273
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Table 85

ABSORPTION COEFFICIENT OF AIR (cm"l) : T = 6000°K and p/p = 1071
0

A + + + - T
N(1 . -
®) 2l ) | N2y | Ny NO 8 NOy | 0,6-R) | #ppio7) a0 Frotal
1.9837 6.0877 | 6.08" )
1.4168 2.23°7 | 2.2377
1.1020 6.88 0 10477 | 6.89 78
0.9016 | 1117 574 | Lt :
0.763 | 1.20 % 15270 | 34878 | 1,057
. -5 -5 -8 -4
) 0.6612 9.03 1.85 2.26 1.09
% 0.5834 5.32 0 2.60 8 2,007 | 15678 | 73375
i 0.5220 | 7.697° 44477 | 4,948 224 | 1118 | 34575
- 0.4723 9.0977 | 3.707% | 2.087° 2.227° | 82479 | 47675
N 0.4312 3387 | 15375 | 9.66 75 3.2 [ 2.317% | 6257% | 172474
-5 -5 -5 - -5 -9 -4
0. 3967 1.68 4.17 8.60 9.33 2.32 4.86 2.61
% 0.3673 4662 | 3.397% | 2.337¢ 6.67° | 2.35° | 3.867° | 4.0a7%
N 0. 3420 5.567° | 85478 | 3207 | 51077 | 2257 | 3535 [ 3.127° | 6.5¢4 ¢
) -5 -4 -6 -4 -5 -9 -4
Fw 0. 3199 8.54 4.54 9.06 2.16 4.19 2.55 8. 06
J - - - - - - -
a 0. 3006 4.04 75 7.857% | 3607% | 3787 | 452® | 21279 | 1,203
0.2834 7.69 S 9.067% | 1487 | 4077 [ 41s® [ 11r® | 118
X 0. 2581 1457 | 43¢ | 5407 4015 | 1487 | 2477
& 0.2543 250 | 1307 | 217t | 5.047° | 12870 | 4m1 7
E}-‘-T 0.2419 1947 | 6607 | 388 | 5.177% | 1,107 | 59873
E—}? 0. 2307 22173 | 36773 | 1567 | 54175 | 952710 | .15 73
o - - - - - -
i 0.2204 2007 | 1.017% | 33378 | 5,417 | 8.35710 | 7.9973
[ 0.2110 5.887> | 5647 | 3217 | 5007 | 7.36 710 | 1,452
* -3 -3 -5 -5 -10 -3 .
o 0.2024 3.00 4.94 3.47 6.16 6.49 8.04
") 0.1945 26972 | 9.367° | 6.30° | 576710 | 2.85 73
X -5 -5 -10 -5
\s 0.1871 1.80 6.43 5.13 8.23
% 0.1803 37974 | 6537 | 459710 | 4407t
x 0.1740 10473 [ 66278 | 412710 | 11173
-5 -10 -5
0.1681 6.76 3.70 6.76
0.1626 6.80 79 | 3.35 10 | .89 70
< -t - -
) 0.1574 6.99° | 3.03710 | 69975
' 0.1526 7.097° | 2.76 710 | 7,09 3
! 0.1480 72270 | 252720 | 79575
D 0.1437 7.327° | 230710 | 7,325
- 0.1397 7.427° [ 2.11710 | 74275
0.1359 7.51° | 195710 | 75175
0.1322 76070 | 179710 | 76178
P -4 - -
0.1288 775 | 1.66 10 | 7,927
-0 - -
0.1255 7.84° [ 154710 | ;8470
0.1224 794 | 143710 [ g 9473
0.1195 8.04° | 13271 [ g 047
5 . -10 ‘
0.1167 8.11 1.23 8.11
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Table 36
ABSORPTION COEFFICIENT OF AIR (cm™}) ¢ T = 6000°K and o/p, =107
(":) N2(1+) N2(2+) N; a0 NO B NO y 0, (8-R) | Hpp oo M u

PL(C’} i Total
1.9837 1es S ] 19478
1.4168 700 | 7.007°
1.1020 | 5.72 78 3.327% | 57276
. 0.9016 9.23 6 1.83 7 9.23 6
0.7630 | 9.98 78 21877 111 | 10370
0.6612 | 7.50°° 3.39 7 1 720720 | 7.8478
0.583¢ | 4.42 7% 9.36 ™7 3.69 7 | 4.96 70 | 4.807°
0.5220 | 6.39 ' 2,087 | rar”" 3.9377 | 353710 | 1.397°
0.4723 75578 | 171478 | 62077 408" | 262710 | 28478
0.4312 2.80 7 | 71678 | 2.887" 3.66 7 | 42077 | 190070 | 1117°
0. 3967 1408 | 19575 | 25778 09977 | 42677 | 155710 | 2.497°
’ 0. 3673 3.87 % | 1597 | 6.957°® 70477 | 43177 | 123710 | 2.797°
0 0. 3420 4625 | 400 | 98278 | 1558 | 24178 | 64777 ] 9027 | 2.15°F
. - -5 -7 -6 7 -1 -5

v 0.3199 7.09 1.36 2.70 2.32 7.68 8.12 2.40
0 0. 3006 41078 2345 | 10776 | 4048 82877 [63M | 33470
? 0.2834 6.38 " 2.70% | 44370 | 52278 | e.m1" | 5647 | 3.837°
y 0. 2681 a32% | 1300 | 5188 | 0.0 |am M | 62070
',{:f 0.2543 7.5 1 415 | 8958 | 02577 1406 | 12574
: 0.2419 5.787% | 107 | 4127 | 9.4977 | 3507 | 2.607*
!, 0. 2307 67875 | 1.097% 16478 | o737 fa.03M | 1797
i 0.2204 5.7 [ 57173 | 356 | s.0277 |2.66 % | 15374
b 0.2110 11474 | 168t | 3447 | 10870 |2.347 | 37
f 0.2024 89067 | 147t | 317 | 1137% 2,067 | 2,387
Y 0.1945 8.03% | 1.007% | 1.157°% {181 | 8257°
3 0.1871 19377 | 1.187¢ | 1637 | 1.377°
= 0.1803 4068 | 120 |1.467 | 5.267°
; 0.1740 11178 | 1228 [t | 12370
i 0.1681 1.247% | 1L1s™™ | 12478

A 0.1626 1.267% |07 | 126

e 0.1574 1287 |9.63712 | 1.28

) 0.1526 13078 |88 | 130

0.1480 13275 80172 | 132

0.1437 13478 |7.337%% | 134

0.1397 1.36 7% {6.73 12 1.36

0.1359 1.387% |6.207% | 1.38

0.1322 14078 |s.71712 | 140

0.1288 1.427¢ 52072 | 142

0.1255 1447 148972 | 144

0.1224 1467 45371 | 146

0.1195 14878 |4.207%% | 1.48

0.1167 1.497% [3.027%% | 149
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Table 37
ABSORPTION COEFFICIENT OF AIR (cm ™ Y) : T = 6000°K and plp, = 1078
A + + 4+, -
“ NOT) | N,ET) | NpeD) NO NOY | 0, (5-R) | mpp o - botal
LRy 6.19 "0 | 4. 19 730
1.4168 2.27 10| 47710
11020 | 3.1877 1.06 710 | g8 7 .
0.0006 | 5.13 77 5.8 1| 5457
0.7630 | 5.55 5.06% | 3.5471 | 56077
0.6612 | 41777 6.14 79 | 2317 | 4377
0.5834 | 2.46 " 2.90 7° 6.60 70 | 150 | 25677
0.5220 | 3.557® 6.4¢47% | 3.517% 787 | s L
0.4723 42070 | 53777 | 1.48°8 72070 | 839712 | 5637
0.4312 156 3 | 2.227% | 68678 3.147% | 7687° | 6.36712 | 2,326
0. 3967 721778 | 6.057% | 6.1178 10278 | 77370 | 495712 | 2176
0.3673 2.16 70 | 4027 | 16577 7207 | 7827 | 3.03712 | 53276
0. 3420 2577 | 12478 | 23477 | 360730 24678 1 10778 | 505712 14g 76
0.8199 3.94 7 32377 | 6447 | 23078 | 13078 | 260722 | 76177
0. 3006 2.28 " .67 | 2587 | 41378 | 15078 | 2.15 712 | .67 7
0.2834 3.56 " 64077 | L0677 | 54378 | 15878 | 181712 | g.55 "
0. 2681 1037 | 30077 | 5007 | 16378 | 15a72 ] 118 ‘
0. 2543 1.777% | 98677 | 84278 | 16878 | 130722 | 2.4 O
0.2419 10870 | 40070 | 42178 | 19278 | 112712 | 6,436
0. 9307 1627 | 2,600 | 16878 | 17778 | 969713 | 40578
0. 2204 1.42 78 1,36 ~ 3.6477 | 1.80 78 8.29 13 | 3,167
0.2110 4.15 O 1.68 "8 3.51 77 | 1.96 8 7.49 1% | 6.20 78
0.2024 21378 | 35178 | 37970 | 20578 | 6.6171% | 566°C
0.1945 19178 | 10278 | 22078 | 586713 | 1.9476
0.1871 1970 1 21478 | 50078 | 55478
0.1803 21478 | 20778 | 4681 | 60178 !
0.1740 11377 L2208 | 41878 | 13577 !
0.1681 22578 | 377713 | 2,058 i
0.1626 22078 | 341713 | 2,298 5
0.1574 23378 1308718 [ 23378 i
0.1526 236 % | 2.81713 | 2.36 78
0.1480 2.0 | 256 % | 2.4078 'i
0.1437 24478 | o541 | 54478 i
0.1397 24178 o518 | 4778 !
0.1359 25078 1 1.9671% | 25078 f
0.1322 25378 | 183718 | 25378
0.1288 25878 1160718 | 25878 ;
0.1256 26078 | 1563 |2617"
0.1224 2667 | 14578 | 26478
0.1195 2.68 8 1.3 71 | 2687
0.1167 27078 12571 |2.7078
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Table 38
ABSORPTION COEFFICIENT OF AIR (cm ) : T = 6000°K and p/p, = 107
. + -

o Nty | oneh | M| nos NOY | Op6-R) | mppioy | My Bororal
1.9837 3.3 71 | 5371
1020 o8 5.37 7.59
0.9016 | 1.22 2.95 22 | 12278
0.7630 | 1.32 :: 114710 | 179712 | 1.3378
0.6612 | 9.95 13870 [ r17712 | 10178
0.5834 5.86 -8 3.08 -10 1.51 -10 8.02 -13 6.32 -9
0.5220 | 8.48 10 6.8 0 | 5.45 12 161720 | 57138 | 7,907
0.4723 100710 | 5,718 | 2,29 710 o110 | gog713 | 50678
0.4312 3.72 79 23677 | 10770 3.76 M| 1.73 710 | 3.9 713 238~
0.3967 18679 | 64377 9.50 10 103710} 124720 | 550728 | 6,467
0.3673 51479 | 52477 | 25770 7.35 1| 176 710 | 1,997 | 53277
0.3420 6.137% | 13277 3.63 573722 | 248719 265710 | 1617 | 14277
0.3199 9.41 7% 5027 | 10070 | 23870} 30470 | 1517 {15178
0. 3006 5.44 70 8.66 0 | 3.0772% | 416 70| 3.39 720 | 10972 | 15378
0.2834 g.47 10 9997 | 16470 | 547710 | 35670 | 91271 | 13478
0. 2681 1608 | 4807° | 5.95 70| 568710 | 77271 | 2,188
0.2543 2.76 "8 1.54 78 8.40 201 378710 | 65772 | 44278
0.2419 21478 | 72078 | 42470 388710 | 56571 | 95178
0. 2307 25178 | 40578 | 1.69710 | 308720 | 4.00°* | 6.6278
0. 2204 22178 | 2127% | 5677 | 405720 | 4207 | 40578
0.2110 6.46 % | 6.237% | 3.547% [ 442710 | 30971 [ 22177
0. 2024 33178 | 54678 | 3827 | 462720 | 33471 | 88278
0.1945 29778 | 103720 | 472710 | 2,967 | 3.0378
0.1871 19971 | 482720 | 2647 | 5.02710
0.1803 4.17 710 | 4 g9 710 | 5 36734 | g g O
0.1740 1187 | 497710 {27 | 16470
0.1681 5.07 710 | 1.90 71 | 5.07 720
0.1626 5.17 710 | 17071 | 527720
0.1574 5.24 10 | 156714 | 5.24710
0.1526 5.31 710 | g 40 "M | 531710
0.1480 5.41 720 | 13071 | 5.417%0
0.1437 5.49 710 111573 | 5,49 720
0.1397 5.56 10 | 1.00 714 | 5.56 720
0.1359 5.64 710 |1 90714 }5.64720
0.1322 5.71 710 | 923718 | 5 71710
0.1288 5.81 10 | g.52 715 |5.81 720
0.1255 5.88 10 | 7.907%% | 5,880
0.1224 5.96 10 | 7.3371% | 5.96 710
6.1195 6.03 710 | g.79 715 1g.03720
0.1167 5.08 10 | 6.34 715 |g.08 710




SRSt R IR R B e R B A s Repatera bR B os Be s o K ) Ea R e RS S VLA e KR B AR S et Rl S S NS W o o o Wi B 0 T 00 SR B A R Joa RO R B 285 e Bl (0T Bl 0 1508
Table 39
ABSORPTION COEFFICIENT OF AIR (cm‘l) : T = 6000°K and p/Po = 1070
(" Nty | Nt | M) NO B NOYy | O, (5-R)| py - M M
) 2 2 2 2 PD(O") £ Total
1.9837 2.69 12 | 4 g9 712
1.4168 9.86 7> | 9.96 "1
1.1020 | 9.12 "~ 462713 | g g7
0.9016 | 1,47 70 2.50 713 | 147710
0.7630 | 1.55 10 3.32 12| 154713 | 1 g2 710 .
o.6612 | 1.20 710 4.04 100 713 | g 94720
0.583¢ | 7.05 M1 1.26 1 4.41 6.90 4 | g.76 "1 3
0.5220 | 1.02 "M 2.80 10| 5.93713 4.69 4.90 "% | 2,95 710 i
0.4723 12072 | 23479 | 2,50 722 4.88 3.60 1 | 2.35 70 :
0.4312 441712 ) 96579 | 1,167 3.74 3 | 506 2.76 1% | 9.7 0 :
0.3967 2.20 11| 5,648 1031 102 2| 5.09 2.15 14 | 26478 :
0.3673 6.17 71 | 21478 | 28071 720718 | 515 1711714 | 59578
> 0. 3420 7307 | 5407 | 306 7| 627 | 24572 | 73 1384 | 55270 ,
\ 0.3199 1.13 710 5.46 1| 100712 | 237712 | g1 1.13 71 | 180710 ;
L, 0. 3006 6.54 :ﬁ 9.43 :i(l) 4.33 :i": 4.13 :iz 9.00 | 9.6 :i: 1.78 iz [
S 0.2834 1.02 1.09 1.79 5.43 1.04 7.84 1.53 7 !
E 0. 2681 174 730} 502071 | 591712 |y g0 | g gq715 | 4 43710
& 0. 2543 300710 167710 | g 4322} gy 5.65 15 | 4.87 710 ‘
N 0.2419 2.33 20| 7.04710 | 421722 | 113 4.86 %% | 10470
# 0.2307 27371900 441710 | 168722 116 4,21 735 | 7.7 710 (
A 0.2204 2.40 710 ] 2,307 | 364711 | 1.18 3.60 1 | 5.1 710 Y
‘ 0.2110 7.03 710 | 678710 | 55171 | 129 3.25 715 | 1.437°
5 0. 2024 3.6171% | 5.94 :ig 3.79 :iz 1.35 2.87 :: 9.69
;,: 0.1945 3.24 1.02 s 1.38 2.55 e 3.39
S 0.1871 1.97 1.41 2.21 1.43
{ 0.1803 41472 | 143 20373 | 1.84
0.1740 1.13 71| 145 1.82 7% | 2 58
0.1681 1.48 1.64 7% | 148 j
0.1626 1.51 148" | 1.51 g
0.1574 1.53 1.54 715 1.53 [
0.1526 1.55 12271 | 155 s
0.1480 1.58 11178 | 188 -
0.1437 1.60 oz B | 160 ,!
0.1397 1.63 9.35 10 1.63 }
0.1359 1.65 8.62 7% | 1.65
0.1322 1.67 7.94 738 | 1.67
0.1288 1.70 7.32 718 | 1.70
0.1255 172 6.79 '8 | 172
0.1224 1.74 6.30 :12 1.74
0.1195 1.76 5.84 16 1.76
0.1167 1178 5.45 1.78
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Table 40

ABSORPTION COEFFICIENT OF AIR (cm™>) : T = 6000°K and olp, = 1078

(::; Nz(’*) Nz(z*) N;“-) NO 8 NOy 0,6-R) | ryp0) Mg Hrotal
. 1.9837 S St
1.4168 9.5773% | g 57714
11020 | 9.24718 aas7 | 969713
0.9016 | 1.49712 . 0.6 | 55712
0.7630 1.61712 1.03713 | 14973 | ) g3712
0.6612 | 121712 126713 | 972735 | 535712
0.5834 7.14713 4.09713 137718 | 6.7071% | q.97712
0.5220 | 1.03713 9.097'% | 5.93715 146718 | 476715 | g9.35712
0.4723 12271 | 759710 | 2 50714 152713 | 3.547% | 4,671
0.4312 4.5571 | 3.1371C | 136713 3.7 | 15718 | 268715 | 3.13710
0.3967 2.267'3 | 8.55710 | 1.03718 oM | 158718 | 2,007 | g.55710
0. 3673 6.2671% | 6.96710 | 2.80713 72871 | 160713 | 1.667° | 607710
0. 3420 747783 | 175710 | 3.9671% | 6.24718 | 2447 | 2.40713 | 1.34715 | 1.76710
0. 3195 1.15712 5.467% | 1,007 | 2,357 | 285713 | 1107 | 2.02712
0. 3006 6.63713 9.4371% | 43371 | 4097 | 3.08713 | 9.08716 | 2.00712
! 0.2834 1.03713 109712 | 179718 | 539714 | 3.24718 | 761738 | 1 95712
3 0. 2681 174712 | 522713 | 5.867M | 335718 | 6.44718 | 2.66712
& 0. 2543 3.00712 | 167712 | 83672 | 5,447 | 5.48716 | 5.10732
E“ 0.2419 2.38712 | 704712 | 4187 | 558713 | 4927 | 112
, 0.2307 2.7372 | 4.2 | 1677 | 362713 | 400716 | 7.52712
0. 2204 2.40712 | 230712 | 3,617 | 369713 | 3.58716 | 5.43712
0.2130 7.08712 | 6.79712 | 348713 | 402783 | 3.16710 | 1467}
0. 2024 3.61712 | 504712 | 3,775 | 420713 | 279716 | g.97712
0.1945 3.24712 | o171 | 400718 | 2.47718 | 368712
0.1871 1.9671% | 4.38713 | 2.20718 | 4407
0.1803 a1 | g 4518 | er7I8 | 446708
0.1740 L1234 52718 | 176718 | 5 64718
0.1681 46173 | 159716 | 461713
0. 1626 4.70°18 | 144718 | 470713
0.1574 4767 | 130718 | 476713
0.1526 483713 | 119718 | 4 3713
0.1480 40278 | 108716 | 492713
0.1437 49978 | 989717 | 4.99713
0.1397 5.06 % | 9,087 | 506710
0.1359 5.12:12 8.363: 5 12:12
0.1322 5.19 7.70 5.19
0.1288 5.1 | 7.7 | 528713
-13 -17 < ae-13
6.1255 5.35_ | e-e0n T | 5057
0.1224 5.42 6.12 5.42
-13 -17 -13
0 1195 5. 48 13 ‘3.67-17 5.48-]3
0.1167 5.53 5.29 5.53
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Table 41

ABSORPTION COEFFICIENT OF AIR (cm™>) : T = 8000°K and p/p o = 10

A

o N Nz(z*) N, (1) NO f NO y 0,6-8) | kppor) Mrotal
.9837 2. 2.5472
.4168 9. 9.247°
11020 3. 4. 3.6072
.9016 | 5 2. 5.4772
a630 | 5 8.117% | 1. 771
0 coiz | .ol L os. 15672
sen4 | 2 3.107° 1.16 6. 1.407!
5220 | 5 o 0.59:: 8. 1.23 4.5 1.38::
4723 1.98 5. 08 3. 1.28 3. 169
4312 1.69°2 | 1187 1. g.7372 1.33 2. 3.707
3961 6.63% | 40172 8. 2.1971 1.34 2. 5,387}
3673 1547 | 3,537 2. 1.337 1.35 1. 6.6}
3420 1557 | et | 2 1067 | 4057 2.02 1, 1.04
3199 2.8471 a. 763 | 3.307 2.41 1. 1.16
.3006 1,497t 5. 2.2172 5.28" 2.59 8. 1.47
2834 2.9472 5. 9.4472 | g.187" 2.73 7. 1.5¢
2681 7. 2.227 |17 2.82 6. 1.85
2643 1. g.2270 | 7.787! 2.90 5. 2.68
2419 8. 2.33 3.497! 2.97 4. 3.81
2307 9. 1.14 1.2871 3.05 3. 2.48
2774 7. 6.0571 | 2.79 a.11 3. .55
2110 2. 1.7 2.29 3.39 3. & 51
2024 8 1.49 2.2272 3.54 2. 2.86
1945 7.9970 | 5.4572 3.62 2. ). 22
1871 9.547 3.69 2. 3.79'3
1803 2.01:11 3.75 1. 5.76 1
1740 5.50 3.81 1. 9.1
1681 3.88 1. 3.88‘}
.1626 3.96 1. 0.96_;
1574 | .02 1. 1.0
1626 4.07 1. 1017
1480 4.15 1. 4157
1437 4.20 9. 1,20
1397 4.26 8.6 4.26
1359 4,32 1. 4,357
1799 4.38 1. 4,387
1288 4.45 6. 4457
1255 4.51 6. 4.51:;
1224 4.56 5. 4.56
195 1.62 5. 1.627"
1167 IL 4.66 5. .66




E Table 42

E ABSORPTION COEFFICIENT OF AIR (cm 1) T = 80000K and p/po =1
ﬁ N,(7) N2y | N ) NO 8 NO ¥ 0, (5-R) .
1) 2 2 2 2 PonoT) Heg “ratal
. 1. 9837 {510'3 1.107
1.4168 " 3.987 3.987%
1.1020 2.66 1.877% 2.8573
B 0.9016 4.39'2 1,037 4.4978
0.7630 4-89:3 21173 | 619 7.0673
] 0.6612 | .62 . 2.57% | 4.027° 6,237
0.583¢ | 1.97 1.25” 2.80°% | 2.7475 4.8173
0.5220 | 4.2177 2.657" 2.887" 2.997% | 1.gi7" 3.987°
0.4723 4187 | 2.087° 1,087 3.10°3 | 1,457 6.637
0.4312 1.42:3 7.16_: 3.897° 1187 3.227% | ™ 1.697%
3967 5.56 1.62 2.9972 2,853 3,247 | 8.6u7C 3.9872
3673 1.2072 | 1.4272 6.987° 18173 3,287 | 6.837° 3.9272
3420 1.30°2 {3872 | sos® | 158 | 552 .92 | 55270 6.9772
4199 9+ 7 L2 | 2507t | 45078 5.8 | 4.5 4.3072
3906 57 n™ e [ | e | aa® | 4
854 1.8873 17472 | 3208 184373 6.62° | 3.1478 3.1572
o681 2.482 | .51 s | 685 | 2.65° | 4167
2543 202 | an? e | e | 2w | e
0419 2.83°2 | 7,902 | 4,767 7.227% | 1.9578 1197
9307 coa? | 38 | 174 7.407% | 1.697° 7.837%
2204 2.5872 | 2.3272 | 3.647 7.547° | 1.4878 9.2972
2110 1.2 | 5.2 )26 | 823 | 130 1.6971
ognd 33872 | 5.0572 | 3.027 35073 | 1.137° 9.3272
1945 2.2 | 7.427% 8.8 | 1.8 3.66
L1871 1.3074 8.96° | 8.967" 9.0973
1803 27473 0.10° | s.027 1.1872
1740 7.4973 5.247% 17197 1.6772
.1681 9.427% | 6.497" 9.427
11626 0.617% | 5.877" 9.617°
1574 9.747% | 5,387 9.7473
.1526 9.8873 | 4.867" 9.887%
1480 o172 | 44377 1,017
1437 1.0272 40677 1.0272
1297 1. 0372 3.72“7 1.0372
.1359 1. 05"2 43*7 1. 05_2
1322 1.06 2 | 3167 1.0672
.1288 1082 | zo” 1.0872
1255 102 | 2707 10972
1224 1172 | 25177 11172
L1195 11272 2,337 1127
1167 11872 | 207" 1.1372
11
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Table 43
-1, -
ABSORFTION COEFFICIENT OF AIR (cm™; : T = 8000°K and p/p_ = 107
A N Ny | N NO B NO 0 P 1"_ T
®) 2 2 2(1) f L4 2 E-R) | Hppon) e rotal
. 1.9837 4,947 4.947° ‘
"?'\“ 1.4168 1.8072 1.8¢7°
S 1.1020 | 1447 8.4376 15274
\ 0.9016 | 2.387 4.6278 2,437 .
0.7630 | 2.657 4.687° | 2.7976 3,257
. 0.6612 | 1967 5.70° | 1.8178 2557
! 0.5834 1.067 3.2178 6.207° | 1.2378 17274
P 0.5220 | 2.287° 6.827° 7.0178 6.617° | 8.857" 1.657
;:f_ 0.4723 2.277° | 5.267¢ 2.56™ 6.867° 6.537" 6447}
{0 -5 - - -5 .5 _ -
FX2 0.4312 7.67 1.847 9.4779 a7 7.127° | 4.9877 2.1073
0.3967 g | 41573 7.217° 3.137° 7.177° | 3.8877 4.637°
% 0.3673 7.007 | 36570 | 1707 1997 | 7257 | 308”7 | 4617
. 0.3420 1.7 |ose™ | 218 | s e | 1007t [ 2407 | 20570
2 0. 3199 1.157° 2.69% | 6.207% | 4.9575 1.207% | 2,037 1.6073 ;
:-., 0. 3006 g.757 4177 | 1.90° | 7.907° 1397 | 16977 1,337 ;
0. 2834 10274 4.237% 1 7.797% | 9.2678 1467 | La1”7 8.427%
-4 - -5 -4 -7 -3
< 0. 2681 6.02 1.63 9.24 1.52 1.20 1.03
W 0.2543 9.8474 5.137% 1.1674 1.567% 1,027 11773
4 - - -5 - - -
o 0.2419 6.807% | 1.92% |5.23 1.60”% | 8.6078 2.827
v 0. 2307 74574 | 9397 | 1.017° 164 | 76278 1.8773
- 0. 2204 6.287% | 5,657 | 4177t 1.677% | 6.6578 1.787
0.2110 171178 1.41'2 3.5 1.827% | 5.8478 3.667
0.2024 s.21™ | 1.28" 3.3278 1.907% | 5.1078 2.2473
0.1945 6.59"% |8.1578 1.947% | 4.53°8 g.627
0.1871 1.437° 1.96% | 4.0478 1.9974
0.1803 3.6:7° | 2.007% | 3.a178 23174
01740 8.22° | 2047* | 3248 | 257 |
0. 1681 2.08"% | 2.9278 2.087 ‘
0.1626 2.137% | 2.647% 2.1374 i
0.1574 2. 16-'4 2.40_8 2.16-4 i
0.1526 8.197% | 2.1978 2.1974 .i
0.1480 2.23°% | 2.0078 2.2374 ]
0.1437 2. 26—4 l.83-8 2 26-4 A
0.1397 z.207% | 16878 2,297 b
0.1359 2.327% | 15578 | 2,327 ¢
0.1322 2.35"% | 14378 | 2.357¢ E
0.1288 23971 | 13178 | 2.307 I
. 2.427% | 1.2278 2,407
0.1255 i e . ;
0. 1224 2.45 1.13 b 9.45 2
0 1195 248”4 110578 2.457" b
0 2504 | ¢7? 25074 ¢
0.1157 {
i
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Table 44
] - —1 [0} —2
ABSORPTION COEFFICIENT OF AIR (cm ") : T = 8000 'K and p/po = 10
A N.at N 2" NI NO NO 0. (-1
o) o) 22 ) 2 (1) B Y 2 G-R 1 Bpp) Beg Bprotal
). 9837 3.687% 3.687"
1.4168 1.3470 1,3478
t.1020 | 3.27°8 6287 3.907"
0.4016 | 5.3578 2.447" 5.7370
0.7630 | 6.0178 1.30°% | 2.0877 7.5270
0.6612 | 4.4678 1.587% | 1.3577 6.187"
0.5834 2.4278 2.6477 1.7278 | 9.2078 4.507°
0.5220 | 5.1777 5.627° 10777 1.8478 | ¢ go78 8,157
0.4723 51577 | 4.3475 3,907 1.917% | 4.8678 4.8370
0.4312 1.747% | 1.527¢ 1.4478 13477 1.98% | 3.1178 1.5774
0.3967 6.83°% | 3.427¢ 1.1178 3.2177 1.997% | 2.8978 3.527%
- - -l -7 - -
0. 3673 1.597° | 3.017¢ 2.5978 2.047 2.0178 | 22978 3.2274
0. 3420 1.60°% | 7.907° 3.337% | 5.86™% 6,227 3.027% | 1.8578 1.027%
0.3199 2.6270 1178 | 9,808 |s5.007 3,500 | 1.5278 3.4570
0. 3006 1.537% 6.38° | 207" |8.107 3.8170 | 1.2678 2.667°
0. 2834 2.8178 6.457% | 1.197% | 9.5077 4.077% | 1.0578 1.507°
0. 2681 9.19°% | 2,798 | 9.4877 4.217% | 8.017° 1.717°
0.2543 .50 | 7,838 | 1.197® 4.327% | 7.6179 2.837°
-5 -5 -1 -6 -9 -5
0. 2419 1.05 2.93 5. 36 4.4478 | 6.55 4.48
0. 2307 1.14% | 1.4 [1.9677 4.55% | 5.6870 3.047
0.2204 9.58"% | 8.6272 |4.28°% 4.63°% | 4,957 2.717°
0.2110 2.61° | 2165 |3.6778 5. os“; 4.357° 5.6470
0.2024 1.257% | 1.877% | 3.4078 5.285 | 3.807° 3.6570
0.1945 10175 | 8.3678 5.40°% | 3.3779 1.567°
0.18%1 1.4778 5.517% | 3.017° 5.5270
0.1803 3.007" 5. ss:z 2. 69'2 5. 9o:z
8.447" 5.68 2.41° 6.53
0.1740 . 5 .
5.79 2.18 5.70
0.1681 . 6 6
. 5.90 1.97 5.90
0 1626 -s o _6
5.997% | 1.79 5.99
0.1574 . - _6
6.07 1.63 6.07
0.1526 . o 6
6.19 1.49 6.19
v. 1480 -6 -9 5
6.27 1.36 6.27
0.1437 6 N I
6.36 1.25 6.36
0.1397 0 %
6.447% 11.15” 6.44
0.1359 % o "
, 6.53 1.06 6.53
0.1322 " 10 %
) 7 .
o, 1288 6 64_6 0787 6 04_6
6.72°% | 9.07 6.72
0 1255 -6 ST I
6.81 8. 41 .8
0.1224 8 -6 -10 -6
o 1100 6.89°% | 7.81 6.89
. J - -
6.05°8 | 7.28710 | 6.9576
0.1167
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ABSORPTION COEFFICIENT OF AIR (cm‘l) : T = 8000°K and p/p_ = 10"
0

Table 45

3

Rt At S Il W S D45 0l B N0 oA T 0 S N e 8108 Bl Bo50002 Tel SRol Bolt ek gl B (S R RA Wl S T Tods Bhb Roi

A . K (- .

(1) Ny ) N2 | Ny NO 8 NOy Oy B-RY | Hppi07) gy R Tota:
1.9837 2.54 77 3.54 77
1.4168 12977 1.20 77
1.1020 3.81 78 6.04 "8 9.85 "8
0.9016 | 6.2078 3.3178 | 4.go8

. -8 -8 -8 -7
e.7630 | 7.01 4.01 8 2,00 1.30
0.6612 | 5.20 8 4.88 78 1,308 1.14 77
0.5834 2.82 "8 9.98 9 5.32 7% g.85 7 1.00 77
0.5220 | 6.03 77 2,127 1L15 " 5.67 8| 6.35 ° 2.8277
0.4723 6.00 0 | 1.¢4 78 4.20 " 5.80 8 4.8 17178
0.4312 20378 | 5738 1.565 " 1.33 79 6.10 8| 3.57 79 5.83 8
0.3967 7.9 "8 | 1.29 79 1.19 " 3.19 7% 6.15 8| 2.78° 1.317°
0.3673 18577 | 1,147 2.79 " 2.0379 6.2278) 2,01 79 1.17 75
0.3420 1.86 7 | 2,99 6 3.587% | 6.31 711 ; 6,187 9.3378] 1,789 3.31 78
0.3199 3.05 7 44278 | 10379 | 5.0479 11177 1.467° 4.68 77
0. 3006 1.79 77 6.84 78 | 3,127% | 50577 11977 1.217° 3.79 77
0.2834 2.60 78 6.94 78 | 1.2878 | 9,447 1.26 7§ 1.01 7° 2.46 77
0. 2681 9.88 78 | 3.00% | o9.427° 1.30 7| 8.57 710 56977
0.2543 16277 | 84278 |1.1978 1.33 771 7,32710 | 5 997
0.2419 11377 | 31577 |s5.33°° 1.37 7| 6.3110 | 57177
0.2307 22 | 15677 | 19579 1.49 77| 5.47710 | 4.1877
0. 2204 1,037 | 0.2178 | 4.2578 14377 | 41770 | 38277
0.2110 2.81 7 | 2.3277 | 3.65 8 1.56 T 419710 | 7 0677
0. 2024 13577 [ 20277 }3.3870 | 16377 3,667 | 5.0177
0.1945 1087 [83171% | 16777 3.25710 | 57677
0.1871 146 710 | 17077 2.89710 | 17077
0.1803 3.01 ™0 17377 | 2,50 710 | 5,76 7
0.1740 8.39 17577 | 232710 | 1847
0. 1681 17977 | 210710 | 17977
0. 1626 182771 1,900 | 18277
0.1574 1.85 7 [ 172710 ) g5 7

1.88 7 | 1.57 710 | 1,887
0.1526 . 0 .

1.91 7" ] 1.43°7 1.9
0.1480 . 1o .

. 1.94 1.31 1.94
0.1437 - 10 4

. 1.96 1.20 1,96
0.1397 . o .

e 1.99 111 1.99
0.1359 -7 10 7

) 2.01 71 1.02 2.01
¢.1322 _7 o .

2.05 7| 9.41 2.05
0.1285 . N .

o 2.08 71 8.73 2,08

0 1255 -7 -11 -7
2.10 77| 8.09 2,10

0.1224 . a1 .
) 2.13 77 | 7.51 2.13

0 1195 -7 -11 -7
Y e Y s
0.1167 2.15 77 | 7.01 2.15
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Table 46

ABSORPTION COEFTFICIENT OF AIR (cm"1 ) : T = 8000°K and o/p, = 1074

%y e =~ — - ———

0’;) Na') LNy | NjaTy | Nos NOy | 0,-10} mppiry |y -

1.9837 3.44 78 3.44 78 |
1.4168 1.25 "8 1.25 8 |
1.1020 | 3.72 710 5.8879 1 g.25 79 1
0.9016 | ¢.13 710 3.2279 | 3.8379 !
0.7630 | 6.33 710 1.227%) 1.9479 | 3,859 |
0.6612 | 5.07 10 1.50 79 32679 | 3.2779 1
0.5834 | 2.75 ¢ 3.12 10 1.637%] 561710 | 3.08°%

0.5220 | 5.88 711 6.64 % | 1.1271 17479 617710 | 90770

0.4723 5.5 2 | 51278 | 40871 1.80 79| 455730 | 5,368

0.4312 1.98 710 | 1,797 | 1,51 710 1.29 1 1.88 2| 5,47 710 | 1,827

0. 3967 717710 | 40477 | 1.16 710 3,09 ~11 1.897%1 270710 | 4,077

0.3673 1.807° |38 | 21710 1.96 ~11 1.91 7% 2,15 710 | 35977

0. 3420 1.827% 193478 | 3.49710] g.13713 {5,991 2,819 173710 | 9,878

0.3199 2.98 ™7 4.30 10 3,00 711 [ 4,88 71! 3.40 %] 1.42710 | 7,017

0. 3006 1.74 72 6.65 10 | 3,047 7,801 | 3.677%| 1.28720 | 6.30°°

0.2834 2.62 710 6.75 10 | 1,24710 | 9,14 "1 3.86 9| 9.85 1 | 51177

0.2681 9.61 10 | 2,92710 191271 3.9979} 8.3¢7 | 54279

0.2543 15772 | 819710 [ 4,45 712 4.107%] 71271 | g.687°

0.2419 11079 | 30770 |5.16 71 4.217% 6,137 | 8497

0. 2307 1197 15079 189712 4.1 % 537V | 70770

0.2204 1.00 79 | 9,01 710 | 4.13710 4,909 46471 & 1670

0.2110 271372 | 2,269 |3.54710 4.80 2] 407771 | 1,0278

0. 2024 1.31 7% | 1.06 7% |3.28 712 5.00 7% | 3.56 1% | 8.327°

0.1945 .59 lsos712 | 512793171 | 62170

0.1871 a2 | o523 2 M | 54670

0.1803 2.9t 11 | 53179 252 | 5.3 7°

0.1740 g.13 "1 5.30 9 | z.26 71 | 5.497°

0.1681 5.40 79 | 2,047 | 55179

0.1626 5.60 :2 1.84 :i; 5.62 :Z

0.1574 .68 7% 168 | 57070

01526 .76 7% 1537 | 5.78 :

0.1480 s.807% 11097 | 56870

0. 1437 S e

0.1397 6.0070 1117 | 6047

0.1350 6.1170 11087 | 6127

0.1322 6.1970 9,93 7% | 62070

0. 1288 5.3 7% 01577 | 6.1

0. 1255 5.9 |8.48" " | 6.097

o 1224 .40 70 | 7,877 | 64

01195 5.56 70 17,3072 | 655

01157 6.59 9 |6.81 6.60
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Table 47
~1 0 -5
ABSORPTION COEFFICIENT OF AIR (cm ") : T = 8000 K and P/Po =
A Nt N2t N NO 8 NO 0 S“R
®) (1) 2(2) 2(1) L4 2S-R) | #ppio) e P Tatal
1.9837 3,239 3.23 "0
1.4168 L1 | 78
1.1020 | 3.2 12 5.52 710 | 5 55710
0.9016 | 5.38 12 3.02710 | 3,710
0.7630 | 5.99 12 357711} 1,82710 | 5 p4-10
0.6612 | 4.44 "12 4.347 11} 118710 | 4 g¢710
0.5834 | 2,41 712 8.95 12 473711 | gog 11 | 1 g9-10
0.5220 | 6.16 0 190710 | g5 14 5.04 11| g 79711 | 5 g9 10
0.4723 513713 1.477% | 363718 524711 go7 11 | g577°
0.43i2 174712 50479 | 134712 116 13 | 543711 356711 | 5,939
0. 3967 6.81 12| 1,168 | 1,03 12 278713 | 547711 | 254711 | 478
0. 3673 1.58 11 { 10278 2.4 12 1.76 13 | 553711 | 501711 | 1038
0.3420 1.59 711 | 268 | 3.10712| 5.45 715 [ 5.38 713 | g.3071 | 163711 | 5.807?
0.3199 2.61 1 3.82712| go2714 | 430713 | g 511 1 93711 | 4 4p-10
0.3006 1.53 11 5.90 7321 2720713 | 7,00 713 | 106710 110711 | 1.99710
0.2834 2,30 12 97121 110712 | 522713 | 4,92710| g gq-12 | 4 4,710
0. 2681 8.54 712 259712 | 820713 | 1.16710] 7.82712 | ;.35 710
0.2543 1.40 71| 728712 | 103712 | 1.19710| g 68712 | 1.48°10
0.2419 0.71 712 27371 | 464713 | 1,22710] 596712 | 4 5710
0. 2307 1,06 711 1,337 | 170713 | 125710 | 499712 | 4,59 720
0. 2204 8.90 12| g.01 1% | 3,71 712 | 4 97710 | 4 35712 | 4 5510
6. 2110 2,427 | 2,007 | 3,18712 | 1,39 710 | 382712 | ; g9 -10
0.2024 118 71| 1741 |5 9e M| 145710 | 534712 | g gp 10
0.1945 0.35 12 | 7.2371% | 1.48710| 2,96 712 | 1,60 70
0.1871 12m Mt 151710 | 264712 | 155710
0.1803 2.67 713 | 154710 | 535712 | 4 57710
0.1740 7.30 1% | 166710 | 212712 | 459730
0.1681 1.50 710 | 1,91 712 | 16710
0.1626 162710 1 193722 | 64710
0.15:4 1.64 710 | 3 57712 | 4 g6 710
: -10 -12 -10
01526 1.67 1.43 1.68
o 1480 170710 | 1,31 712 | 4 7y 720
0.1437 172710 [ 3,99 712 | 1,73710
0.1397 175719 | 3.10712 | 1.7 70
‘ -10 -12 -10
1.77 1.01 1.78
0.1359 -10 -13 -10
1.79 9.32 1.80
0.1322 -10 -13 -10
1.82 8.59 1.83
0.1288 -10 -13 -10
1.85 7.9 1.86
0.1255 -10 -13 -10
1.87 7.39 1.88
0.1224 -10 -13 -10
1.89 6. 86 1.90
01195 1.91 710 | g 39713 | 4 92710
0.1167 : : .

N |

PN

W

2
-y

%
28

o
et

~ )‘

'f'.'v:a
(LA

.
L a%s

1

T NI T N
DR T R
. e ~bhliaada 'z

Palg s
L

e a
A

alnd
a
D

&

-D‘I‘T—V‘?
g ..', -‘;/-" .t'.'—l‘. -‘.'

P-L!

l- <
.‘ Q\"

AR
[ NN S
Tate . e,




P A LN LGS N AL AT IAAR A AT T A A A TN IR A (R L A A L LA A e A AR

E
Table 48
;: ABSORPTION COEFFICIENT OF AIR (cm ™ ) : T = 8000%°K and plo, = 1078
F‘
(ﬁ) N2(1+) N2(2+) N; 1) I NO g NO y 0,(8-R) | Hppio) . frotal
1.9837 2.63 710 | 2 63710
1.4168 9.57 11 | 9,57 1
11020 | 21471 4497 | 4 g7
0.9016 3.53 14 9.4 11 2,46 11
0.7630 | 3.93 714 8.62 72| 1,497 | 1,58 7U
o.6612 | 2.927 1.05 12| 964712 [ 1,001
0.5834 | 1.58 1% 2,05 ~? 1.4 7120 58712 | 704 712 ‘
0.5220 | 3.387%° a.36 12| 6177V 1.22712 | 472712 | 10371
0.4723 3,97 18] g g7 7l | g 4 14 1.26 12| 3,48712 | 3,85 71
0.4312 1147 11810 | 9147M 8.22718 | 1.3 12| 565712 | 3 2710
0. 3967 44171 266710 | 70271 107715 | 102712} 507712 | 2,69 710
0.3673 1.04 713 [ 233710 | ;1 g4713 125738 1 134712 164712 | 2,36 720
0. 3420 10478 61473 | 211713 391718 [ 3.8 715 | .00 12| 1.33712 | .50 711
0.3199 1.1 713 2.60 13| 6.0 715 | 3,01 715 | 2,38 712 1.0871% | 3.90 712
0.3006 1.00 13 4,027 13| 1.8¢ 71| 4.0 15 | 2.57 12| 8.9971% | 3,99 712
0. 2834 1.51 14 408718 7.51 1 [ 5.82715 | 2.70712| 753713 | 3,06 712
0. 2681 5.80 13| 1.76 13| 5,80 715 | 2.79 12| 6.37 713 | 4.19712 !
9.50 13| 405713 | 7.32715 | 5 g7 22| 5 44718 | 4 g7 712 |
0.2543 .
0. 2419 6.65 13| 1.85 12| 3.20715 | 2,94 712} 469713 | 5.3 712 !
' 7.20 13| 9.06 713 | 1.20 715 | 3.02712| 4.08 13 | s5.05 12 ]
o 6.06 13| 5.45 13| 2.51 14| 3.07712| 354713 | 4.60 712
0. 2204 el LB et I e el B |
.2 7.05713| 110712 | 500718 | 550 712 57510 5,16 12 ‘
02028 ' 6.36 713 | 512718 358 712 | .41 71 Pt ‘
o . 5,08 7 s.65 12| 2,15 13 3.57 12 j
o 189 715 | gm 12| 195713 | g.g0 712 |
01998 5.17 715 3.76 12| 4 g 13 3, o4 "12
0.1740 . SAT IS
0. 1681 3.8 7% 1567 | 4.0
0.1626 2.00 7% a7 4057
0.1574 S R B U
0.1526 #0072 1 TRy as T
0. 1480 #1072 106 70 | 42
0.1437 416 7% | o7 4267
0.1397 it Il B
0.1359 e B I
e b R
g:izzz 4.46 :iz 6.49 :i: 4.52 :iz
o 1224 4517 00270 | 4.5 o
0 1195 451 %1 5,580 | 4607
01167 4.61 5.21 4.66
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Table 49
) Al "1 O
ABSORPTION COEFFICIENT OF AIR (ecm ) : T=12,000 K and p/po =10
A NNy | vty | Na) | nos | NOy |O,5-R)
m 21 )| Nol2 ) | Rol) Y 9% “ppoy| P | *pE®y | *PE©) | “Total
I 3 -2
1.9837 5.46  {6.5] 0 5.53 .
1.4163 .99 13,967 {1246 7| 2.52
1.1020 | 6.29 71 9.39 1 |6.20 72 |1.504 71| 1,78
0.9016 | 1.12 5.4 70 14,4871 [1015 7| 219 ‘
0.7630 | 1.39 41371 130970 |67t 11037t 2089
0.6612 | 1.29 5.0 |2.0071 5,047 {1.200 71| 2.63
0.5834 | 8.46 71 2.85 3 5.48 71 {13770 3,627 |o.61 "% 1.9¢
~1 -2 -2 " -1 -2 -1 -2
0.5220 | 1.67 5.8272 | 1.18 5.84 1 |9.81 3.15 71 |6.888 1.30
0.4723 9.88 2| 41871 | 3.73 72 6.01 71 |7.2472 |3.7271 |7.186 2| 1.68
0.4312 3.06 1| 1.24 1.10 7} 2.97 2 16.2070 [5.497°2 |5.31 7! [1.00¢4 1| 3.0
0.3967 9.59 1| 2,30 | 7.3372 6.23 2 [6.34 71 42972 |4.3971 [1.155 1| 4.63 |
0.3673 1.84 2.20 1.47 71 3.52 72 |6.4171 |3.2072 |3.4871 |9.155 2| 5.34 f
- - - - - - - - i
0.3420 155 | 6.027 {17273 [ 2,384 L o.73 72 | 9,621 |2.7472 |2.9. 2 {7.3e7 “2| 3.30 ;
0.3199 2.72 1.8971 | 3.837% {6.7372 |1.1471 |2.247% [3.10 7 |6.045 “2| 4.51 !
0.3006 1.60 26271 | 1,202 | 9.8272 [1.237 [1.86 72 [3.40 7! [6.353 2| 3.62
0. 2834 2.32 71 2.3¢ 71 [ 42572 {1,037 [1.2070 |1.56 2 |5.107 {7,128 2| 2.5:1
0. 2681 2.96 1 1 9.15 72 |9.37 2 {1.3¢7 |1.327% |4.307 |7.435 2| 2.34 ’
0.2543 4601 | 2.25 71 [ 1057t {1387 |1.1272 {3,747 [1.142 71 2.7
0.2419 . 291|666 a2 72 {1ar 7 foer 3 |2.787 0,832 2| 2.80
0. 2307 29071 [ 2,807 |1.4172 | 1,457 (83873 |2.797) ls.517 2| 2.4
0.2204 23370 1,007 |uer ™t |14 {73472 [2.4470 |7.54 "2 2.m1
0.2110 59270 [ 4,207 23870 {61! 6,487 [2.15 71 |6.525 2| 3.15 .
0.2024 2.66 1 |3.637 |1.88 7% 1687 |5.717° |1.89 71 [5.762 “2| 2.57 ;
_1 _ - _ _ L
0.1945 190 {a2273 {1727 |s.06 ™ 16870 [5.107 2| 214 \
0.1871 6.76 4 [1.75 71 |4.50 ™ 14971 o556 2| 1.94
0.1803 14072 (1787 a1 ™ f1.3471 Ja.069 2| 197
0.1740 3.88 7% [1.817" 13587 |1.2070 [s.662 | 2.01
0.1683 1.8470 13217 108! [3.30 2| 1.98
0 1626 1.8871 |2.88 ™ [9.80 7% |2.988 | 2.1 ,
0.1574 1.9t 7% 2,50 7% |8.89 72 |2.714 2| 2.00
01526 1.93 71 J2.36 % [8.00 2 l|2.676 2| 2.04
0.1480 1977 2157 |7.4072 lo.257 2| 2.07 !
0.1437 250 1 [1.97 ™ [6.77 72 {2.062 "2 2.09 ;
01397 2,020 |81 ™ j6.21 7% |1.894 V| 2,27 N
o, 1355 2.05 71 |67 .71 7% |r1a V| 2028 |
. - =~ - -1
2.0871 |1.54 ™ l5.21 72 s.5m 2.79
0.1322 - 3 - )
0.1288 2.11 1.42 4.86 8.578 3.02
12 -1 -3 2 - !
2.14 1.31 4.51 7. 947 2.99 ‘
3 0.1255 -1 -3 -2 -1 .
3 2.17 o227 a.187% Yr.a7s 2 95 >
i 0.1224 -1 -3 -2 -1 )
; 2.19 L1370 13.87 7% f5.859 2 92 N
N 0.1195 -1 -3 -2 -1 »
; 2.21 1.06 3.62 "2 k. 380 2.89 !
b 0.1167
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Table 50 E

ABSORPTION COEFFICIENT OF AIR (em™ ") : T = 12,000°K and p/p_ = 1 |

A . + + +, - |

@ | W) | Ny@) | Np@1) | NOB | NOy |O,(S-R) Mppgry| Hy | Hpen) | “PE(0) | Total
1.9837 5.2 71 |9.2873 | o 5.30 !
. 1.4168 1.01 7! |5.64 72 |1.313 2| 2.0 7! g
1.1020 | 1.28 72 8.99 "% |8.84 72 [1.606 ~2| 1.28 71 ¢
0.9016 | 2.27 2 4.9272 16,3872 {1,103 2| 147!
’ 0.7630 | 2.81 ~2 1.35 "2 |2.96 2 |9.56 "2 [1.163 “2| 1.79 7}

| 0.6612 | 2.62 72 1.64 2 {1.63 7% 17.1872% [1.360 ~2| 1.48 71 N
0.583 | 1.72 72 1.88 74 1.78 "2 {1.31 "% |5.16 "2 {1.013 “2| 1,301 t
y 0.5220 | 3.39 73 3.8373 11,9774 1.0072 lo 2073 14,4072 |7.260 3| s.80 ~2 i
0.4723 2.00 2 | 2.75 "% | 5.60 ™4 1.98 2 l6.93 73 |5.30 2 |7.574 | 1.18 71 i
0.4312 6.217% | 81572 |1.65 " 3.30 % [2.05 72 [5.26 7% [7.57 "% |1 158 2| 2.03 7" :
0.3967 194721517t {11073 6.927% |2.06 2 [4.10 % [6.26 % |1.217 2| 2,727 &
0.3673 37372 | 1,447 | 2,203 3.90 7% {20972 [3.2573 [4.06 2 lo.640 3| 2,687 %
0. 3420 31472 [ 3.9872 | 2587 [3.577% |1.087% [3.137% |2.6373 |4.15 % |7.786 3| 1.58 7 E:
0.3199 5.52 7 28673 5,758 [7.077% |3.7272 [2.15 7% |4.4272% l6.3m1 3| 1,48 72 ;‘
0.3006 3.26 2 3.937% [1.817% [1.00 73 [4.0072 [1.78 7% |a.85 2 l6.696 3| 1.35 ke
0. 2834 47117 3.50 2 16.38 "% [1.1473 {42172 [1.4073 |7.4072 [7.513 73| 1,36 2 i
0. 2681 44573 [1.377% {10678 [4.3672 |1.26 7% |6.26 2 |7.837 3| 1,221 ,
0.2543 6.90 3 {33873 |1.177° |4.487% |1.087% [5.337% {1.204 2| 1,231 !
0.2419 43673 [ 9.907 {4677 [4.5972 |o.267* |3.96 7% |1.0%6 2| 1.11 ¢ ¢
0.2307 4.3¢73 1 4.337% [1.57 7% {41172 |g.03 7% {3.98 2 |s.977 “3| 1.06 t_
0.2204 3.50 3 | 2.987% |2.18 7% |4.80 2 [7.03 7% 13,4872 [7.843 73| 1.01 7 E
0.2110 8.88 73 |5.30 7% |2.6473 [5.247% |6.20™ [o.06 % l6.877 3| 1.08 2 F
0. 2024 30972 |5.447% {2,007 {5.477% [5.47 7% 12,55 7F 6,013 3| 9.7 72 N
0.1945 2.85 % |4.687% |5.59 72 |4.85 7% {2,392 |5.383 | s.86 2 F
0.1871 7.50 8 [5.717% |4.31 7% |2.12 72 |s.802 %) 8.35 A
0.1803 1.57 74 |5.79 72 3,84 7% f1.01 7% 4,289 3| 8,18 72 b
0.1740 40 15887 laaa™ L1 faeso ) s0s 2|
0.1681 6.60 72 [a.087% j1.5472 lo.ars Bl 7022 1
0.1626 6272 27674 14072 foa 2| ner | F
0 1574 6.20 2 |2.48 7% [1.277% |2.861 3| 7.78 72 tj
0.1526 6.20 7% |2,26 7% L1572 |28z P na P
0.1480 6.41 72 |2.06 7t [1.05 72 |2.319 0} 772 Rk
0.1437 6.50 2 [1.89 7% lo.65 2 [2.273 3| 7.70 72 l
0.1397 6.58 72 |1.13 7% |s.85 7 l1.os6 3| 7.687F| &
0.1359 6.67 2 |1.60 "% |8.14 7% [1.835 2| 9.34 72 N
0.1322 6.76 2 |1.417% [7.517% le.015 2| 1.45 7} N
0. 1288 6.8872 [1.36 ™% l6.93 73 [o.0a1 2| 1.66 .
01255 6.96 2 [1.26 % [6.4373 {8.376 2| 1.00 !
0. 1224 7.05 "z 1.17 ": 5.96 '2 7.716 'z 1.54 'i i
0. 1195 : nas ™ fnos ™ o547 a0 ) e T ‘
01167 7.20 72 {1.017% |5.16 73 [s.725 1.45 J ;
:

!

¥

..

85 :

:

{




Emmﬁtmmmamm_xw:: T T o e TR i i Rt L A M L A T £ 5, 0 I s G i S AT A Bt o SCAALD St AN .ﬁ‘.{’:‘?ﬂ{fx&m’ﬂf

: |
Table 51 !
ABSORPTION COEFFICIENT OF AIR (em™) : T = 12,000°€ and p/p, = 107! 'E
g
0’:) N,*) N,2") | Nyu)) | Nog | Noy |0,6-R)| mppn| # M § u lg
)| P PE(N) | PPE©) | PTotal
1.9837 5.00 2| 563 | o 51772 ,
1.4168 4 1.85 72| 5.86 ™ | 1.303 ~3 2.57
1.1020 | 1.38 ~ 8.70 7 | 9.17 % | 1,504 | 1,14 7
0.9016 | 2.45 ~4 27673 66873 | 1.125 3] 1.27 2 ‘
0.7630 | 3.03 ™4 40674 | 2.877% ] 90,0278 | L1543 1,472
o.6612 | 2.83 74 5.08™% |1.877%| 7,459 | 1.340 73] 1,15 72 5
0.5834 | 1.85 ~4 6.48 8 s.527% | 1.277% | 5.35 % | 1,005 | 537 73 G
0.5220 | 3.66 " 19274 | 1.8278 .86~ | 9.15 7% | 4.66 73 | 7.205 "] 7.05 3 i
0.4723 2.16 % [v.48™ | 5.1578 6.0 % | 6.117% | 5.50 73 | 7.517 4| 8.51 73 “
0.4312 6.70 0 2172 | 1.707® 3.25 86,337 | 5.007%| 2.8573 | 1.144 73| 1.30 5
0.3967 2104 |s.217% | 1.1378 6.80 Ble.ar ™t | 3.0 7% 6.497% | 1.208 3| 1,422 !
0.3673 4.027% 40773 | 2.2675 3.85 Sl6.a5 % | 31574 5.15 73 | 0.576 4| 1.24 72 N
0. 3420 3387 |1.96 3 | 2.66 5| 3.67 78| 1.0 % lo.67 ™t | 2.547% | 4.30 73 | 7.727 7| 5,08 7° 0
0.3199 5.95 4 2.0275| 5.0 77| 7.35 8 |1.15 ™ | 2.08 7| 4.58 3 | 6.323 4| 7.48 1 N
0.3006 a.51 7 20675 18678 Lo 0124 1727 5.037% | c.645 4| 75270 s
0.2834 5.08 " 3.60 5{ 6.55 5| 1,121,303 [ 1.447% | 7.687% | 7.456 "] 0.98 3 l
0.2681 45778 Lar 8| Loz |1as ™ | 1227 6,497 2717 A am1 D h
0.2543 7.00°5| 2,477} 1155 [1.387% | 1.0474 | 5.537% | 1.195 3} 8.0 "2 :
0.2419 44875 1,037 460 Fl1.a2™® [8.9775 | 41273 |1.0287%]6.8073
0. 2307 446 7% 445 75] 154|146 % | 777 7% | 4,137 | 8.900 %[ 6.65 71 . F
0.2204 3.60 5| 3.06°| .13 5 |1.48™ |6.807% | .61 | 7.73¢ 4| 6.04 2 i
0.2110 0.125| 6.4775| 2.60 % |1.627® | 6.0075{3.1873 | 6.825 4| 5.7273 .
0.2024 41075 5.59 5| 2.06 7 |1.60 ™% |5.307% | 2.80 % | 6.027 ¥| 5,247 . {‘
0.1945 29375 46171737 | 47075 | 2,487 | 5,342 7% 48270 I
0.1871 7.98 8176 | 41870 | 2.2073 | 4,766 7| 4487 I
0.1803 1548|1797 87270 | 1,987 | 4.986 74| 4,247 v
0.174¢ a248 (1837 |a3275 {10773 {3 w1 Y 4027 A
0.1681 1853 | 298| 1.607% | 3.4527%] 3,837 b
0.1626 18973 | 2.677% | 1.4573 | 3.125 ¢ 3.68 > G
0.1574 10273 | 2.407% | 1.3173 | 2.830 4| 3.53 73 o
9.1526 Loe™3 | 2197 1.207 | 2.749 | 5.44 7 b
0.1480 1,983 | 2.0075 | 1.00 7% | 2.361 "% 3.33 7 [
0.1437 20073 | 1.837% | 1.00 73 | 2157 %] 3.25 7 £
0.1397 20373 | 1.6875 | 0,187 | 1.08 3.6 F
0.1359 2.06 'z 1.55 7% | g.45 74 | 1.821 % 4.74 ‘Z %
0.1329 20973 | 1.437% | 7.797% [6.863 73| 0.74 ‘2 :
0.1288 2.12 :z i s :: 7.19 :i 8.973 :2 1.18 :2 i
0.1255 2.15 1.z 8 {6674 83133 111 "
0. 1224 2.18 :z 1.13 'z 6.18 ‘: 7.117 :‘; 1.65 :z
0.1195 22170 L0e 7 518 7075 T 9.98 A
0. 1167 2.22 9.79 5 | 5.35 7% | 6.674 | 9.43 b
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Table 52

ABSORPTION COEFFICIENT OF AIR (em™ ') : T = 12,000°K and p/p_ - 1072
0

A + + +, -
N, (1 2ty | Nl 0 - N ;
w® o1 7) | Ny(27) oll) | NOB NOy |0,(S-R) Hpp(o) Pe bpemy | PPE©) | Protal ¢
3 3 3 |
. 1.9837 4.23 8.83 0 4.32 “s;s
-3 -4 -4 -3 W
1.4168 1.58 73 | 5.7 4 | 1,231 "4 2.24 i
1.1020 | 1.16 ™° 7.437%| 8.1 7 | 1.506 4| 47974 E‘.:g
0.9016 | 2.06 ™ 4.36 | 6.08 ™ | 1.062 | 1.16 3 E
0.7630 | 2.55 8 1.19 % | 2.63 74 1 9.11 7% | 1.000 "%| 1.30 3
0.6612 | 2.38 7 1.45 75 | 1717 | 6.8¢ % | 1.275 74| 9.995 4 -
0.5834 | 1.56 1.8 " 1.587° | 1.16 ™ | 4.01 ™% | 9,498 | 7,19 4 3
0.5220 | 3.08 3.68 | 1.58 73 1.68 5| 8.33 % | 4.27 4 | 6.807 | 5.99 % g,j
= = - = - - = - o)
0.4723 1.82 7| 2.64 7| 49878 1.75° | 6.15 ™ | 5.05 ™4 | 7.102 | 6.82 74 i
-1 -5 -7 -8 -5 -5 -4 -4 -4
0.4312 5.63 77| 7.83 7% 1.47 2,90 8| 1.81 5 | 4.66 5| 7.217% | 1.081 7| 9.73 id
0. 3967 1.76 6| 1.45 ™| 9.80 7 6.09781 1.837% ) 3.6375 | 5,96 7} | 1,142 7| 0.1 4
0.3673 3.38 8| 1.39 7| 1.06 7 34478 1.85° | 2,885 | 472 7% | 9,048 °|7.53 74 ;‘S.
0. 3420 2.84 7] 3.80 %) 2.30 77| 3.18 1% 9.50 8| 2.77 % | 2.33 5 | 3.95 "¢ | 7.301 5| 5.60 4 [
0.3199 5.00 2.53 77| 5.127%| 6.57 78] 3.207% | 1.00 % | 4.21 7 [ 5.974 | 5.387% i
-6 -7 -8 -8 5 -5 -4 -5 -4 R
0. 3006 2.95 3.50 771 1.61 8| 9.59 78| 3.55 ° | 1.58 5 | 4.61 ™ | 6.279 | 5.79 W
0.2854 s 31277 5.68 %] 1,007 | 3.7375 | 1.327% | 7.04 % | 7.045 3| 8.26 ~*
0.2681 3.96 7| 1227 | 9.15 %) 3.86 5 | 1.127% | 5.96 ™* | 7.348 °| 7.20 ~* o
61571 3017 -1 -5 - -4 -4 -4 L
0.2543 . 0177 | 10877 | 3.96 75 | 0.547% | 5.08 7 | 1.120 | 6.2 B
0.2419 388771 8.9077| 4.1178| 4,065 | 8.217% | 3.7 74 [ 9,727 | 5,247 2
. 0. 2307 3.8777| 3.86 7| 13878 | 41775 | 7.127% | 3797 | 5417 P|5.18 7 i
0.2204 3.1277| 2,65 7| 2.80 77 | 4.25 % | 6.23 7 | 3.31 "% | 7.954 °| 4.55 ~* g
0.2110 79177 5.6° 7| 2.9277 | 4.63 75 | 5.50 ® | 2.92°% | 6.440 O} 4.10 7 !
0.2024 3.55 77| 4.8577| 1.84 72| 4.84 7% | 4,85 | 2.56 % | 5.605 [ 3.67 ¢ N
0.1945 2.54 77| 41279 4,94 7% | 4.30 % | 2.28 4 | 5.047 | 3.33 7% £
0.1871 6.60 1% 5.05 5 | 3.82 7% | 2,02 7% | 4.503 °} 3.01 ~* 3
0.1803 1.3878 | 5,13 | 5,40 % | 18274 | 4.0m | 2. 4 0
0.1740 3.7978] 5.20 75 | 3.04 7% | 1.637* | 3.619 5| 2.54 7
0. 1681 5.91 70 | 27378 | 1,47 74 | 3.261 | 2.36 4 X
) -5 -6 -4 -5 -4 v
0.1626 5.41 7 | 2.45 7% | 1,337 | 2.953 °| 2.20 e
0.1574 5.40 7% | 2.20 % [ 1,214 | 2.682 7% 2.05 4 §:f
0.1526 5.57 7% | 2,008 | 1.10 ™% | 2.645 "5 1.95 ~*
0.1480 5.67 79 1.837 | 3,007 | 2.231 | 1.80 ¢ i
0.1437 5.7 9 | 1.67 ¢ | 9,19 % | 2.088 73| 1.11 7* .
. ] ) : ]
0.1397 5.8379 | 1.53 7% | 8.43 75 | 1.872 | 1.65 ~* e
) - - - - - i
0.1359 5.9 ° | 14278 | 7,95 7% | .72 | 3,00 ™ i
’ -5 -6 -5 -4 -4 W
0.1322 5987113070 | 7,157 | 6404 | 761 2
’ 0.1288 6.08 70 | 1.20 % | 6.60 ® | 8.478 | 9.76 » I
. 4 i o R - -
0.1255 6.16 ° | 1.11 78 | 6,127 | 7.854 4| 0.00 N
: j ) ) i .
0.1224 6.24 5| 1,048 | 5,677 [ 720274 8.49 3
' 6.327% | 9.56 7 | 5.28 7 | 6.770 | 7.95 o
0.1195 . - . 3 . 2
0. 1167 6.37 | 8.96 7 | 4.01 ™ |6.305 “*|7.45 2
. ;
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Table 53
ABSORPTION COEFFICIENT OF AIR (em”™}) : T = 12,000°K and o/p, = 1073

A + + + -

w) | Mo )| Nat2) | Nl ) | NOB | NOY 10,8-R)| kppyory| M | Hpeay | “PE©) | PTotal
1.9837 3.5 4| 6.c276 0 3.60 ~4
1.4168 1.20 4| 4.03 75 | 1,016 8] 1,79 4
1.1020 | 6.52 9 6.06 ° | 6.31 0 | 1,242 %} 7,93 "5 '
0.9016 | 1.16 8 3.927% | 4.56 5 | 8.768 8| 8,76 S
0.7630 | 1.44 8 211771 2,007 | 6.8275 | 8,988 6| 9,75 8 _
0.6612 | 1.34 8 3.30 7} 1.30 % | 5.13 75 | 1.051 3| 7.61 8
0.5834 | 8.78 ~° 3.67 3.59 " | 8.637% | 3.68 7 | 7.820 %} 5,38 "
0.5220 | 1.73 ~® 7.50 8| 9,77 71 3.83 7 | 6.33 7% | 3.20 % | 5.612 | 4.43 B
0.4723 10279 5.38 77| 3.00719 3.97 7 | 4.67 78| 3.78 5 | 5.859 6| 4,939
0.4312 3.18 "% 1.60 ®| 9.13719 1.97 7200 41277 | 3.54 % | 5.40 ° | 5.913 | 6.85 ~°
0.3967 9.94 79| 2.96 8| 6.07710 413719 4,15 7 | 2.76 | 4.46 5 | 9.410 8| 6.00 °
0.3673 1.91 78| 2.8276] 1,227 2.3372% 4,20 " | 2.197 | 3.54 5 | 7.450 8} 4,835
0. 3420 1.60 8| 7.75 7| 1.43°%| 1.9771% 6.4572 6.30 7 | 1.77 6 | 2.96 5 | 6.018 ©| 3.88 5
0.3199 2.82 78 1.57 %0 3,177 446719 74777 | 1.45 78 | 3.15 75 | 4.925 6| 3.86
0. 3006 1.66 8 2,17 79| 9.97711 6.5172% 8.06 7 | 1.20 0 | 3.46 ° | 5.176 6] 4.18
0.2834 2.41 7% 1.93 79| 352710 6.8172% 8.47 7 | 1.00 ® | 5.28 7% | 5.807 8| 6.04 3
0.2681 2.45 79| 758719 6.21719] 8.77 7 | 8.49 7 | 4.46 5 | 6.057 6| 5.24 5
0.2543 ' 3.81 %] 1.87 79 6.987%% 9.00 7 | 7.26 7 | 3.80 5 | 9.304 8| 4.89 B
0. 2419 2.40 %] 5.51 9] 2.7971% 9.247" | 6.24 7 | 2.83 ® | 8.010 6| 3.78 5
0. 2307 2,40 0| 2,397 9.3771| 9.4777 | 5,437 | 2.84 % | 6.930 ¢ 3.68
0.2204 1.93 7%} 1,647 1.90™®| 9.65 7 | 4.74 7 | 2.48 7 | 6.062 7| 3.23 B '
0.2110 450 % 3,487 1.58 % 1.05 8 | 4,187 | 2,10 75 | 5.316 8| 2.87 °
0. 2024 2.20 %1 3.00 %] 1,257 1.10 7% | .69 77 | 1.92 7% | 4.604 | 2,54 7°
0.1945 1.57 2| 27971 13278 | 3,27 77 [ 1717 | 4161 B} 2,27 7O .
0.1871 44878 11578 [ 2,00 7 1,52 7% [ 371278 205 70
0.1803 9.37 M 1,17 7% | 25977 | 1.36 ® | 3.315 6] 1.83
0.1740 2.5710 11876 | 23177 | 1,22 7% | 2.083 8| 1.66 ~°
0.1681 1.21 7% | 2,087 | 1.10 ° | 2.689 ®[1.51 °
0.1626 12378 | 1,86 7 | 9,97 % | 2,434 | 1.38 "5
0.1574 1.25 7 | 16777 | 9,047 2,211 O] 1270
0.1526 12778 15377 | 8.23 % | 2.180 6| 1.18 70
6. 1480 1.297° 11,3077 | 7537 | 1.539 6| 1.08 7
0.1437 1.31 % | 1,207 [ 6.89 % | 1.680 *|1.00 ®
0.1397 1.327% [ 1,177 {6.327% [ 1.543 °|9.30 C
01359 1.3¢ ® | 1.08 7 | 5.80 % | 1.418 %|2.147°
0.1322 1.36 © | 9,027 [ 5.36 7 | 5.345 ®|6.03° i.
0. 1288 1.38 % | 9.1378 { 4,04 % |6.989 %|7.637° i
0. 1255 1.40 % | 8.4778 | 4,50 |6.474 ®|7.087°
0.1224 1.42 :2 7.8 :2 4.2 :Z 6.011 :: 6.59 _:
0.1195 14070 | 7.2 70 | 39670 | 5.580 7 |6.14 -
0 1167 1.45 % | 6.81 8 | 3.62 ® |5.198 °|5.72
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5 Table 54

\ ABSORPTION COEFFICIENT OF AR (em™b) : T =12,000°K and p/p - 1072 b
0 v

T

(ﬁ) N,0%) | N@T) | NoaT) | NO B | NOy |0,(8-R) pp©Ty | M | Peey | PeE©) | Protal
y 1.9837 1.59 ™ | 2.90 77 0 1.62 70
1.4168 5.83 5 | 1.76 % | 5.355 77| 5.80 ®
‘ 1.1020 } 1,257 2.147% 1 2,76 7 | 6.550 7| 3.68 8
0.9016 | 2,227 1.50 "5 } 2,00 % | 4.620 "} 3,96 -6
0.7630 | 2,751 3.637%) 9.0277 | 20078 | 4741 7| 4,376
0.6612 | 2.567 11 3.60 9 | 5.88 77 | 2.24 7% | 5.544 7| 3.38 6
0.5834 | 2.56711 4.00 791 3,997 | 1.61 7% | 4.230 7] 2.42 76 .
0.5220 | 1.68711 3.317H 4.2 %) 2,86 77 | 1.40 % | 2.961 7| 1,99 6
0.4723 | 3.32712 6.76719 2,25713 4.407% | 21177 | 1.66 ® | 3.080 7! 2,19 78
0.4312 1.9671% 4.85 %] 7.12713 461791 16077 | 2.37 8 | 4,702 7| 3.02 6 1
0. 3967 6.081% 1.44 78| 2.11712 5.4872%] 46479 { 1.25 7 { 1,06 { 4.964 7| 2.627®
0.3673 1.9071Y 2,67 8| 1.40712 1,152} 46979 | 9.01 8 | 1.55 6 | 3,035 ~7! 2,07 "6 b
0. 3420 3.65711 2.55 8| 2.80712 6.497%} 7.0479 | 8.00 8| 1.30 % | 3,075 7| 1.1 8 q
0.3199 3.0771Y 6.98 9 3.2071%| 4.5572%) 1.79712| 8.36 70 { 6.55 "8 | 1.35 76 | 2.508 | 1.71 ®
0. 3006 5.40711 3.62712| 7.32714| 1.24722] 9,027 | 5.4378 { 1.50 6 ! 2.731 7| 1.84 8
0. 2834 3.18711 5.01712 2,307 1.8171%| 9.487° | 4.54 8| 2.31 75 | 3.060 77| 2.67 © \
0.2681 4.61712 4.46712) 8.12713] 1.89712| 9.81 70 | 3.84 78 | 1.06 6 | 3.106 7{ 2.33 76 ]
0.2543 5.6722) 105712 1,732} 1.0178 | 3.28 78 | 1.67 % | 4.908 7| 2.20 ~° |
0. 2419 8.80712 4.30712) 1.9471%| 10378} 2.2 78 | 1,24 76 | 4.226 7} 1.70 "8 :
0. 2307 5.5572) 1,207 7.95713] 1.06 78| 2.45 ¥ | 1.24 % | 3.661 7| 1.65 "® f
0. 2204 5.5572) 5.5271%| 2.6171%) 10878 | 2.14 8| 1.00 € | 5,106 7| 1.44 75 !
0.2110 / 446702 3,7971%) 5.2870%| 1,187 | 18078 | 9.58 7 | 2.804 7| 1.27 ©
0. 2024 1.1371Y) 8,0271%) 438712 1.2378 | 16778 | 8,427 | 2,477 [ 1.12 76 %
0.1945 5.0872| 6.9371%| 53,4774 1.26 % | 1.48 7% | 7.48 7 | 2.195 7| 9,05 7 "
0.1871 3.63712) 777714 1,26 78 | 1.31 7% [ 6.64 77 [2.958 7] 8.85 " i
0.1803 1.2 13078 | 1178 {5,077 | 1749 T 0,07 7 |
0.1740 2.6171%) 1.3278 | 10578 | 5,347 | 1574 7| 7,157 ;
0. 1681 71528 1,358 | 0,38 0 | 4.;1 T | 1,418 77| 546 7 |
0.1626 1.38 8 | 8.427% 1 4,36 77 | 1,284 7| 5.85 7" E
0.1574 1.40 "8 | 7.57 79 3.06 7 | 1.167 7| 5.85 7 !
0. 1526 1.41 81 6,909 | 3.60 77 | 1.150 7| 4.96 7 ,
0. 1480 1.44 8| 6.287% | 3.30 77 | 9.701 B[ 4.48 7 |
0. 1437 1.46 8 5.75 79 ) 3,027 | 8.863 8] .11 7 [f
0.1397 1.48 81 5,287 2.77 77 | 8.240 8| 3.78 7 i
0. 1359 1.50 8 4.87 7| 2.54 7 | 7.483 7| 1.02 78 ‘
01322 15278 | 4.487% | 2,35 7 | 2.820 "®| 3.08 "¢ j
0. 1288 1.55 8| 4.1379 | 2.16 77 | 3.687 €| 3.0276
0. 1255 1.57 8| 3.837% | 2.01 7 |3.416 B} 36476
o124 1.59 78 3.56 79| 1.86 7 j3.171 ®|3.38C
0. 1195 1.61 %) 3,207 17377 [ 2.048 8] 3.14C
-8 -9 -7 -6 -6
01167 1.6278 | 3.087% | 1.61 2.742 %) 2. 02
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Table 55

ABSORPTION COEFFICIENT OF AIR (ecm™ 1) : T = 12,000°K and p/p, = 10°

w | M0 | %eh | N | xos | noy |o,6-m) “ppioT) | Hir | *pE(W | *PE©) | “Total
i.9837 2.9777 |s,267% | o 3.027" ’
1.4168 . 10977 [3.207® |1.11378 |1.5277
1.1020 {4.107}5 5.100°% 15.007% 11.36178 [6.0678
0.9015 {7.3071% 2.79°8 136278 lo.60 "0 |7.3778 ‘
0.7630 |9.03715 8.64712 11,6678 |5.4278 9,850 |g.098
0.6612 |8, 42715 10571 11,0578 14,0778 [1.15278 lg.2778
0.5834 |5.52714 7.08714 115710 17,4379 J2.9278 558277 |4.5278
0.5220 {1,095 1.63712 | 851717 12271 153370 25478 615179 |3.697 8
0.4723 6.44716 | 1,17711 | 5 69718 12771 13,937% [3.0178 l6.4177 |4.0478
0.4312 2.00715 | 3.47711 | 7, 95716 238726 [ 1,317 |2.0870 |4.2078 |9.7697% [5.5778
0.3967 6.2571%| 6.4371 | 5, 29716 5.0016. 1 1,327 |2.327% [3.5578 |1.03178 [4.5278
0.3673 120714} 6,141 | 1.06710 282726 [ 1,347 118479 J2.8178 |s.1757% [3.8278
0. 3420 100714 | 168710 [ 1.24715 | 172718 | 7.80726 | 2,011 {1,490 |2.35°8 |6.507"% [3.1678
0.3199 177714 1.3771% [ 2.77717 15,3976 | 539721 11,227 12,5078 |5.308™% [3.1678
0.3006 1.05714 1.8971% | 8,69717 1787718 | 25771 |1.017 |2.7578 |5.6737% |3.4278
0. 2834 151718 16872 1 3.07716 | 8.23726 | 2,707 18,4510 {4,198 |6.365~° [4.9278
0. 2681 2.14715 | 6.60716 | 7.51716 | 2.80711 |7.14710 {3,558 6.630"° [4.2878
0.2543 3.3271% | 1,6371% | 8.45718 | 2,877 (631710 {3,027 |1.02078 [4.1078
0.2419 2.1071% | 4.8071% | 3.37716 | 2,957 [5.25710 |2,258 s.780"° [3.1978
0. 2307 2.0971° | 2,087 [ 1.13718 | 3,027t {4,55710 |2.2578 |7.60670 |3.0678 '
0.2204 16877 1,435 1230715 | 5,087 [3.99720 |1.977® |6.64570 |2.6878
0.2110 42171 13,0315 [ 1,0171% 13,3671 1352720 |1.74°8 582779 |2.3678
0.2024 1.9271% | 262725 | 1.51717 | 53,5071 |3.10710 |1.5378 |[5.146™° |2.0878
0.1945 137715 | 3.38717 | 3,507 |2.75710 |1.3678 [4.56179 {1.8578
0.1871 5.4271% 13,6671 |2.45710 [1.207® [4.0697° [1.2478
0.1803 11378 [3.72711 |2.18710 [1.087% |3.6347% [1.4778
0.1740 3.11718 377710 f1,05710 19,6770 139707 [1.8278
0.1681 38571 11,7570 [8.737% |2.9477% [1.1978
0.1626 3.9 1157720 17,0079 |2.66870 |1.0878
0.1574 3.987 141710 [7.187  |2.4247% J9.7870
0.1526 4.0471 12,2871 (6,547 |2.3¢07% J9.107°
0. 1480 411 117710 |5.087%  [2.01670 [s.167°
0.1437 41771 11,0779 15,4770 180079 7,470
0.1397 4,231 19,8271 15.027% |1.6917% [6.857°
0. 1359 4.28:1i‘ 9.06:11 4.61:2 1.555:2 z.oa_:
0 1323 4.047 0 183570 |a.267 o.850™0 o007 .
0. 1288 g7 10607 0,090 ries0™® o077
0. 1255 4417 |7.1371 (36479 |7.00778 |7.4778
0. 1224 453711 |6, 62711 3.38'2 6.589-2 6.94':
0 115 4.5s_i; 6.11—:: 30470 J6.12577 fo.45™
o 1167 4.6271 5,737 12,0270 [5.69778 [6.0
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Table 55
ABSORPTION COEFFICIENT OF AIR (em ™) : T = 12,000°K and plpg = 107
o | NN | neEh | Ny | nos | Noy o, mppor | By | ’ u
o) Pu PEQN) | PPE(©) | #Total
1.9837 2.9777 |5,267% 0 3.0277 ’
1.4168 10977 13,2078 [1.11378 [1.5277
1.1020 [4.107%% 5.10°% 15.007% [1.36178 [6.0678
0.901¢ |7,3071% 2.79°% 13,6278 lo.60 ¥ |7.3778 ‘
0.7630 |9.03715 8.6472% [1.6578 |5.4278 Jo.850 |.0078
0.6612 |8.42715 10571 [1,0578 4,078 |1.15278 lg. 2778
0.5834 |5,52714 7.08714 115710 17,4379 |2,9278 55827 |4.5278
0.5220 {1.09715 1.63712 | 8.51717 12271 |5.337% |2.5478 |6.15179 [3.6978
0.4723 6.44716 ] 117711 | 269726 12771 13.937% [3.0078 l6.41772 |4.0478
0.4312 2.00719 ] 3.47711 | 7, 95716 238726 [ 1,317 12,9870 |4.2078 |9.76979 [5.5778
0.3967 6.2571% | 6,437 | 5,29716 5.00726.] 1,327 |2.327% |3.5578 |1.03178 l4.5278
0.3673 1207141 6.14712 | 1,075 282710 | 1,347 11.847% |2.8178 [s.17570 |3.8278
0.3420 100714 1,687 {1,247 | 172718 | 7.80718 | 2 007 [1.497% 2,357 |6.50770 |3.1678
0.3199 1.77714 1,377 | 2.777Y7 | 5,39718 | 239720 }1.92™ (2,508 |5.308™% [3.1678
0. 3006 1.05714 1.89719 1 5.69717 1 7.87716 | 2,577 1,007 |2.7578 [5.67370 [3.4278
0. 2834 151718 1.6872% | 3.07716 | 3.23716 | 2 7071 15 45710 | 4,198 16.36579 [4.9278
0.2681 2.1471% | 6.60716 | 7.51716 | 2.80711 |7.14710 |3.5578 |6.63070 |4.2878
0. 2543 3.3271% [ 1.6371% [ 8.45716 | 2.87711 16.31710 {3.02°% |1.02078 |4.1078
0.2419 2.1071% | 4.8071% | 3.37718 | 2,057 [5.25710 | 2,258 1g.780™% |3.1078
0. 2307 2.0971% [ 2,0871% | 1.13718 [ 3.02711 |4.55710 |2.2578 |7.606™° |[3.0678 '
0. 2204 16871 1.4371% 1230715 | 3,087 [3.99710 {1,977 l6.64570 |2.6878
0.2110 427789 | 3,03715 11,0171% {3,367 |3.52710 |1.74°% 5,827 [2.3678 :
0.2024 192715 | 2.62715 | 1,51717 | 3.5072 {3.10710 |1.5378 |5.1467° |2.0878
0.1945 1.3771% | 3.38717 | 3,597 {2.75710 |1.367® |4.5617% |1.8578
0.1871 5.42718 13,6670 [2.45710 |1.2078 [4.0697° [1.7478
0.1803 113718 13,7211 1248710 1,088 |3.6347 11,4778
0. 1740 311718 3,777 |1,95710 19,6770 (3,077 |1.3278
0.1681 3.5 1175710 [8,737% |2.9477% [1.1978
0.1626 3.03710 1157710 |7.927% 126687 |1.0878
0.1574 3.987 1141710 17,1870 2,424 Jo.787°
0.1526 4,047 11,2870 [6.5470 12.3¢07 |9.1207°
0. 1480 4117 1117720 15,0879 1202670 [8.267°
0. 1437 4177 1,077 {5.477% 184070 |7.467°
0.1397 4.2371 9,827 |5.027° |1.6917% [6.857°
0. 1350 4.28711 19,0671 146170 |1.55578 |2.0378
0.1323 4.3¢71 1835711 14,2679 |5.85078 [6.3078
0. 1268 4471 75071 13,9379 |7.66078 [8.0778
0. 1255 4,477 71371 36470 |7.00778 74778
0 1224 4.5371 Je.62711 [3.387° |6.58978 [6.9478 .
01195 4.58_:; 6.11_1} 3.14_2 6.125_2 6.45_2
0. 1167 a.62710 {57371 12,9270 5.69778 l6.0
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Table 56

ABSORPTION COEFFICIENT OF AIR (em™ ') : T = 12,000°K and p/p = 10"°
(o]

LIRS S 1L et S

]

(:; Np1") | Ny2') | NyaT) | no s | NoOy O 6-Rl kppany | "o | “peay | *PE©) | PTotal
. 1.9837 3.3 [s.at™M | o 3.36™ 9
1.4168 1.217% | 3.54719 | 12171y go70
1.1020 | 5.007%7 5.6871%| 5.54711 | 1555719 7,74710
0.9016 | 8.91717 3.11710 | 400710 | 1, 097710] g, 99710
0.7630 | 1,10718 10471 | 187720 599720 | 1125710 g, y9~10
0.6512 | 1.03716 12671 1.22719 450710 | 1316719 704710
K 0.5834 | 6.737L7 9. 25717 13871 8.28711 | 3.23710 | 580713 504710
\ 0.5220 | 13377 189718 1,077%0 Lar™ M 50371 | 281710 | 7026711 410720
y 0.4723 6.41718} 1 3g714] 3,40720 1527 43871 | 5,32720 | 7, 330711 4 49710
i 0.4312 1.99727 402714 1,0071° 309720 1,587 83271 | 474710 | 116711 619720
| 0.3967 6.227V7| 7.45714 6.67720 6.4872%] 1,597 | 2.50711 | 3.02710 | 1, 178719 5.36710
K 0.3673 1.1976] 7 91714} 4 34719 3.66720] 1.617%] 2.05711 | 3.11710 | 9, 338711] 4, 25710
s 0. 3420 1.007%8] 195714 1.57719 2.1772%| 1.0171%0 2,427 M4 1,667 | 2.60710 | 7.535711] 3.52710
\Y 0.3199 1.76716 17278 3,297 700720 28771 136710 | 2.77710 | 6. 166711 3.53710
‘ 0. 3006 1.04716 2.397% 1,107 1.0271%] 3.007M | 1.13711 | 5.04710 ) 6. 48071Y] 3.50710
0.2834 1.51717 2.12719 3.87720) 1,071 3,257 0.41712] 4.64710 | 7. 271711 5.45720
0.2681 2.7071% 8.33720| 9.7472%) 3.3671 | 7.9671%| 3.92710 | 7.5847%}| 4.76710
0.2543 419719 2,059 3.1071%] 3.457M | 6.80712 ] 8.34710 | 1,165719] 4.55710
0.2419 2.6471%) 6.06719| 4.38720| 3,557 | 5.857121 2.45710 | 1.003719| 3.54710
0. 2307 2.6471%) 2.53719] 1,472 3,647 | 5.07 %% | 24972 | 5.68771] 3.41710
0.2204 2.12719] 1.81719] 2.9871%] 8,707 | 4.44712| 2.18710 | 7.50071] 2. 95710
0.2110 5.39719] 3.8271% 2.47719| 4,047 | 3.02712| 1.92720 | 6.65671}| 2.63710
0.2024 2.42719] 350719 1.967% ] 42071 | 3.46712| 1.69710 | 5.87971Y] 233720
0.1945 1757490 439721 4571 | 5.06712| 1.50710 | 5. 20071} 2.05710
0.1871 7.03722| 4401 | 2.72712 ] 1,33700 | 4.64771] 1, 43710
0.1803 147720 407" | 242722 5.20710 | 4150718 1.64710
0.1740 400720 4551 | 2.17712] 1.07710 | 3735711 1. 46710
0.1681 4.63::: 1.9432 9.55:11 3.366:11 1.32:12
0.1626 472 ' a7 6isT ) .04 12070
0.1574 LIV R R R L

0.1526 4.85 1.43 7.23 2.730 1,01
0.1480 4.95:;4 1.3032 6.61:11 2.302:3 9.04:1111
0.1437 .00 112972 5,057 | 2.0097 ) 8207
0.1397 IVl R Xl B R
0.1356 .05 LoT R sa0mt uamsT 20
0.1323 .22 | 0.2 2 am .o 7m0
0.1288 .00 ) 85070 | 4,047 fe.50” 20007 7
0.1255 .07 ) 1.047%) .00 | 806 ] 85
0.1224 R RS KAl K
0.1195 5.0 6.31_1'7 2.01711 | 6.9067 | 7.5

0.1167 L 5.55 | 6.3071% | 3.23711 | 6.508712] 6. 84




T L O L 2 A e I N S R D L e e RN

GEOPHYSICAL. RESEARCH PAPERS
No. 1. Isatropic and Non-Isotropic Turbulence in the Atmospheric Surface Layer, Heinz Lettau, Dec
1949.

No. 2. Effective Radialion Temperatures of the Ozonosphere over New Mexico, A. L. Adel, Dec
1949.

No. 3. Diffraction Effects in the Propagation of Compressional Waves in the Atmosphere, Norman 4.
Haskell, Mar 1950.

No. 4. Evaluation of Results of Joint Air Force - Weather Bureau Cloud Seeding Trials Conducted
During Winter and Spring 1949, Charles E. Anderson, May 1950.

No. 5. Investigation of Stratosphere Winds and Temperatures From Acoustical Propagation Studies,
Albert P. Crary, Jun 1950.

No. 6. Air-Coupled Flexural Waves in Floating Ice, F. Press, M. Ewing, A. P. Crary, S. Katz and
J. Oliver, Nov 1950.

No. 7. Proceedings of the Conference on Ionospheric Research (Junr 1949), edited by Bradford B.
Underhill and Ralph ]. Donaldson, Ir., Dec 1950.

No. 8. Proceedings of the Colloquium on Mesospheric Physics, edited by N. C. Gerson, Jul 1951.
No. 9. The Dispersion of Surface Waves on Multi-Layered Media, Norman A. Huskell, Aug 1951.

No. 10. The Measurement of Stratospheric Density Distribution with the Searchlight Technique, L.
Elterman, Dec 1951.

No. 11. Proceedings of the Conference on Ionospheric Physics (July 1950) Part A, edited by N. C.
Gerson and Ralph . Donaldson, Jr., Apr 1952,

No. 12. Proceedings of the Conference on Ionospheric Physics (July 1950) Part B, edited by Ludwig
Katz and N. C. Gerson, Apr 1952.

No. 13. Procesdings of the Colloquium on Micruwave Meteorology, Aerosols and Cloud Physics,
edited by %alph J. Donaldson, Jr., May 1952.

No. 14. Atmospheric Flow Patterns and Their Representation by Spherical-Surface Harmonizs, B.
Haurwitz and Richard A. Craig, Jul 1952.

) No. 15. Balck-Scattering of Electromagnetic Waves From Spheres and Spherical Shells, 4. L. Aden,
Jul 1952.

No. 16. Notes on the Theory of Large-Scale Disturbances in Atmospheric Flow with Applications to
Numerical Weather Prediction, Philip D. Thompson, Jul 1952,

No. 17, The Observed Mean Field of Motion of the Atmosphere, Yale Mintz and Gordc;n Dean, Aug 1952,

No. 18. The Distribution of Radiational Temperature Change in tiie Northern Hemisphere DuringMarch,
Julius London, Dec 1952,

No. 19. International Symposium on Atmospheric Turbulence in the Boundary Layer, Massachusetts In-
stitute of Technology, 4-8 June 1951, edited by E. W. Hewson, Dec 1952,

No. 20. On the Phenomenon of the Colored Sun, Especially the ‘“Blue’” Sun of September 1950, Rudolf
Penndorf, Apr 1953.

No. 21. Absorption Coefficients cf Several Atmospheric Gases, K. Watanabe, Murray Zelikoff and
. Edward C. Y. Inn, Jun 1953,

No. 22. Asymptotic \pproximation for the Elastic Normal Modes in a Stratified Solid Medium, Norman
A. Haskell, Aug 1953.

:

4'

] Nc. 23. Forecasting Relationships Between Upper level Flow and Surface Meteorological Processes,
J. ]. George, et al, Aug 1953.

No. 21. Contributions .o the Study of Planetary Atmospheric Circulations, edited by Robert M. White,
Nov 1953,

No. 25. The Vertical Distribution of Mie Particles in the Troposphere, R. Penndorf, Mar 1554.
No. 26. Study of Atmospheric lons in a Noncquilibrium System, C. G. Stergis, Apr 1954.

No. 27. Investigation of Microbarometric Oscillations in Eastern Massachusetts, E. A. Flauraud, A. .
Mears, . A. Crowley, Jr., and A. P. Crary, May 1954.
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GEOPHYSICAL RESEARCH PAPERS (Continued)
No. 28. The Rotation-Vibration Spectra of Ammonia in the 6~ and 10-Micron Regions, R. G. Breene,
Jr., Jun 1954.

No. 29. Seasonal Trends of Temperature, Density, and Pressure in the Stratosphere Obtained With the
Searchlight Probing Technique, Louis Elterman, Jul 1954,

No. 30. Proceedings of the Conference on Auroral Physics, edited by N. C. Gerson, Jul 1954,
No. 31. Fog Modification by Cold-Water Seeding, Vernon G. Plank, Aug 1954. .

No. 32. Adsorption Studies of Heterogeneous Phase Transitions, S. J. Birstein, Dec 1954.

o No. 33. The Latitudinal and Seasonal Variations of the Absorption of Solar Radiation by Ozone, J.
S Pressman, Dec 1954.

‘: No. 34. Synoptic Analysis of Convection in a Rotating Cylinder, D. Fultz and J. Corn, Jan 1955.
21

No. 35. Balance Requirements of the General Circulation, V. P. Starr and R. M. White, Dec 1954.
No. 36. The Mean Molecular Weight of the Upper Atmosphere, Warren E. Thompson, May 1955.

No. 37. Proceedings on the Conference on Interfacial Phenomena and Nucleation; Vol. I, Conference
on nucleation; Vol. /I, Conference on nucleation and surface tension; and Vol. Ill, Confer-
ence on adsorption; edited by H. Reiss, Jul 1955.

No. 38. The Stability of a Simple Baroclinic Flow With Horizontal Shear, Leon S. Pocinki, Jul 1955.

No. 39. The Chemistry and Vertical Distribution of the Oxides of Nitrogen in the Atmosphere, L. E.
Miller, Nov 1954.

No. 40. Near Infrared Transmission Through Synthetic Atmospheres, J. N. Howard, D. L. Burch and D.
Williams, Nov 1955.

No. 41. The Shift and Shape of Spectral Lines, R. G. Breene, Sep 1955.
No. 42. Proceedings of the Conference on Atmospheric Electricity, R. Holzer and W, Smith, Nov1955.

No. 43. Methods and Results of Upper Atmosphere Research, /. Kaplan, G. Schilling and H. Kallman,
Nov 1955.

No. 44. Luminous and Spectral Reflectance as Well as Colors of Natural Objects, R. Penndorf, Feb '
1956.

No. 45. New Tables of Mie Scattering Functions for Splerical Particles, Parts 1 through 6, R. Penn-
dorf and B. Goldberg, Mar 1956.

No. 46. Results of Numerical Forecasting With the Barotropic and Thermotropic Atmospheric Models,
W. Gates, L. S. Pocinki and C. F. Jerkins, Aug 1955.

No. 47. A Meteorological Analysis of Clear Air Turbulence (A Report on the 1J. S. Synoptic High-
Altitude Gust Program{, H. Lake, Feb 1956,

No. 48, A Review of Charge Transfer Processes in Gases, S. N. Ghosh, W. F. Sheridan, J. 4. Dillon,
Jr. and H. D. Edwards Jul 1955.

No. 49, Theory of Motion of a Thin Metallic Cylinder Carrying a High Current, C. W. Dubs, Oct 1956.
No. 50. Radar-Synoptic Analysis of Hurricane Edna. 1954, E. Kessler, Il and D. Atlas, Jul 1956.

No. 55. Preparation of Mutually Consistent Magnetic Charts, Paul Fougere and J. McClay, Jun 1957.
No. 56. Radar Synoptic Analysis of an Intense Winter Storm, Edwin Kessler, Ili, Oct 1957.

Neo. 57. Mean Monthly 300- and 200-mb Contours and 500-, 300-, and 200-mb Temperatuares for the
Northern Hemisphere, K. W. Wahl, Apr 1958.

£y
:’ No. 51. Cloud Refractive Index Studies, R. M. Cunningham, V. G. Plank and C. F. Campen, Jr., Oct
: 1956.
No. 52. A Meteorological Study of Radar Angels, V. G. Plank, Aug 1956.
No. 53. The Construction and Use of Forecast Registers, I. Gringorten, I. Lund and M. Miller, Jun
1956.
E No. 54. Solar Geomagnetic and Ionospheric Phenomena as Indices of Solar Activity, F. Ward /1., Nov
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Theory of Large-Scale Atmospheric Diffusion and its Application to Air Trajectories; Vol. I;
Vol. Il, The downstream probability density function for various constant values of mean
zonal wind; Vol. Ill, The downstream probability density function for north america and

eurasia: S. B. Solot and E. M. Darling, Jr., Jun 1958.

Project Prairie Grass, A Field Program in Diffusion; Vol. I and Vol. I, edited by M. L.
Barad, Jul 1958; Vol. lll, edited by Duane A. Haugen, Jun 1959,

Observations on Heavy Primary Cosmic Ray Nuclei Above the Atmosphere, H. Yagoda, Jul
1958.

A Numerical Investigation of the Barotropic Development of Eddies, Manfred M. Holl, Dec
1958.

Spurious Echoes on Radar, A Survey, Vernon G. Plank, May 1959.

Scientific Studies at Fletcher’s Ice Island T-3, 1952-1955; Vol. I, Sep 1959; Vol. I, Dec 1959;
Vol. IIl, Apr 1959; edited by Vivian Bushnell.

. Meteorological Measurements and Field Program of *‘Projet Jet Stream’” from 1956 to 1958, Roy

M. Endlich and Robert M. Rados, Oct 1959.
Global Fallout and its Variability, E. 4. Martell, Oct 1959.

Hydrodynamic Model of Diffusion Effects on Shock Structure in a Plasma, O. F. Greenberg,
H. K. Sen, and Y. M, Treve, Dec 1959.

A Numerical Model for the Prediction of Hurricane Formation, L. Berkofsky, Mar 1960,
Absorption Coefficients of Air, R. E. Meyerott, J. Sokoloff,and R. W. Nicholls, Jul 1960,
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